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Linde Engineering Service 


for Linde Users 


Linde users seldom fail to save time and money by availing 
themselves of Linde Engineering Service. 


Better standards of practice are 
often suggested. New applications 
are pointed out. The vexing prob- 
lem may be a common one which 
Linde has helped to solve many 
times. 

The field work with Linde users 
is carried on through the District 


Sales Office in that locality, and is 
based upon the vast knowledge of 
the whole Linde organization in the 
uses of oxygen, resulting from many 
years’ experience. The resources of 
the Linde Engineering Staff and 
Research Laboratories are called 
upon when necessary. 


For your convenience 31 plants and 58 warehouses 


THE LINDE AIR PRODUCTS COMPANY 
Carbide and Carbon Building, 30 East 42d St., New York City 


The Largest Producer of Oxygen in the World 


District Sales Offices: 


Atlanta Chicago Detroit New Orleans Pittsburgh 
Baltimore Cleveland Kansas City New York San Francisco 
Boston Dallas Los Angeles Philadelphia Seattle 
Buffalo Milwaukee St. Louis 
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Contributors to This Issue 


The National Advisory Committee for 
Aeronautics, the results of whose work 
is told in this issue in Making America 
Independent in the Air, is composed of twelve 
members nominated by the President and 
serving without salary. To all practical 
purposes the Committee has charge of all 
the research work in aeronautics in this 
country of a general character, and in 


addition considers all aeronautical inven 














Frepertck W. Cowis 


tions submitted to the Navy It has a 


laboratory of its own at Langley Memori: 


Field and arrangements for carrying on exper! 
merital and research work at the Bureau ol 
Standards and the engineering departments 
of several universities and technical schools 
The Committee issues a series of bulletins on 
various subjects of research and voluminous 
vearly accounts of the work done It also 
maintains agents in several countries of 
Europe, who report to America the aero 
nautical progress abroad. Unless the matters 
of research are ear-marked especially confi 
dential by the U. S. authorities, all com 
pleted research is published. 


* * « ~ * 
Frederick W. 
of the paper on The Port of Montreal, and 


Cowie is the author 
very fittingly too, for he is consulting engi 
neer of the Harbor Commissioners of Mon- 
treal. He was born in Caledonia, Ontario, 
in 1863. He received his B.S. from McGill 
University in 1886 and was then appointed 
assistant engineer under the late Sir John 
Kennedy, a noted port engineer, and at that 
time chief engineer of the Montreal Harbor 
Since that time Mr. Cowie 
has continuously devoted his service to this 


Commissioners. 


very important branch of engineering work 
Having had the advantage of training and 
association with Sir John Kennedy, Mr. 
Cowie was made consulting engineer of the 
Commission when the former died. 

Mr. Cowie is recognized as a harbor-engi- 
neering authority and has recently been ap- 
pointed as expert adviser of the Hampton 
Roads (State) Port Commission, where his 
duties will consist in aiding the State Commis 
sion to prepare a report and recommendations 
to the next General Assembly of Virginia, 
visualizing the future of Hampton Roads 
as a state asset. 


Included in recent work Mr. Cowie has 
done on the Atlantic seaboard are surveys 
ind reports with recommendations on the 
harbor of Boston, and a _ comprehensive 
plan on the development of Savannah a 
In 1914 the Coun 


cil of the Institution of Civil Engineers (Great 


the State port of Georgia 


Britain) awarded Mr. Cowie the coveted 
Telford gold medal for his paper on The 
Transportation Problems in Canada and 
Montreal Harbor He is a member of the 


Engineering Institute of Canada 
* * + ‘ * 


Carroll R. Thompson, assistant director 
of the Department of Wharves, Docks, at 
Ferries of the City of Philadelphia, contrib 
utes an article on Material-Handling Pro 
lems in Pier Design. Mr. Thompson wa 


born in Philadelphia, Pa., in ISS85, and 











CARROLL R. THomMpPpson 


one of the voungest executives to fill such a 
position where his duties combine those 
chief engineer and supervisor of new cor 
struction and the maintenance of the existing 
port equipment. He deserves 2 very co 
siderable part of the credit for the recent rapid 
development of Philadelphia's 
facilities and the consequent growth of th 
port. 


watertront 


Mr. Thompson is well qualified to write on 
his subject for his previous experience includes 
six years with the American Bridge Co., one 
year with the Pennsylvania Steel Co and 
eleven years in the engineering office of the de 
partment in which he is now emploved 
While connected with this department he had 
unusual opportunities to become familiar 
with the port and terminal conditions of othe: 
seacoast cities, and has served on a number of 
committees to investigate and report on them 





He is a member of the American Soctets 
Civil Engineers, and of the Society of 7 


minal Engineers and an associate member 


the American Association of Port Author 
* ‘ 

Alfred Cotton, whose pape: 1 ‘th 
Determination of Chimney Sizes is included 
in this issue, was born in Southport, | lat 

1871 While serving an apprent h 
from 1885 to 1802 marine engi sing, | 
received his technical education throug 
university <tension co ind rivat 
tuition He was then engaged hor 
Henderson, of Liverpool, for whor vor} 
in designing mechanica toker 1 grat 
until 1894, when he entered the Port Su 
light Soap Works of Lever Brother I.t 
as engineering assistant to the works maz 
iger Here he designed one of tl first 
not the first, double-stage centrifuga umy 
which operated with fairly high eff ! 
and entire satisfaction 

In 1898 Mr. Cotton became a tant chi 
engineer for Meldrum Brother Lt vor 
ing on the design and adaptation mecha 
ical stokers and forced draft, and collaborati 
in the development of destructor 
iting steam from municipal refuse He car 
to America in 1903 and developed the Cott 
furnace, which embo i S\ ! t 











ALFRED CorTTron 


jet forced draft. He manufactured a 
stalled these furnaces and allied appar 
until the war, when he entered the emplo t 
Colt’s Patent Fire Arms Manufacturing 
In 1918 he became chief engineer in the 
bustion department of the Sterling BI! 
Co., and in 1919 he took his present 

as chief of the research departmenit 
Heine Boiler Co 





The third A.S.M.E. Regional 


Chattanooga, Tenn. 





Coming A.S.M.E. Events 


Meeting and the first among the 
Southern Sections of the Society is scheduled for October 23-24, 1923, at 
Three technical sessions are being arranged, the 
first on welding, planned to give practical information to engineers and 
executives, the second on power problems, and the third on management. 

The latter is especially appropriate as the week of October 22-27 is 
Management Week, in which some fifty-odd A.S.M.E. Local Sections and 
about twenty-five sections of other societies will participate. 
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Making America Independent in the Air 
The Inception of the National Advisory Committee for Aeronautics, Lts Organization for Research, 
and the Results It has Achieved at the Langley Field Laboratory 


THEN the United States went into the World War in 1917 — gation and application to practical questions of the aeronauti 
the importance of aircraft from a military point of view wa The ( tt ts of twe members appointed by th 
illv ore zed, not | here thes had | id amp President | iaw p iT that its personnel shall consist « 


it onlv abroad where 


t, but also in this country i result o m . 
ization a huge appropriation for aircraft, amounting to S640 f Militar \ it t members from the Navy Depart 
44),000, was passed practically without discussion by Congré t, from the Offies Charge of Naval Aeronautics; three m« 
Wid a urplane, however, it Is necessary to have mon ( represent respective the Smithsonian Institution, t 
ties, raw materials, brains, and a knowledge of thi Ss. Weat Bureau, and the U. S. Bureau of Standards 
governing the design and operation of its novel machinet e addit ppointed the President, all serving 
wledge at that time was entirely lacking in this count: thout « D These five, who may be called expert 
United States had to go to England, France, and Ital ember ire J Ss. Am Director of the Physical Laborato 
from them the complete designs of the planes in whic! Johns Hopki | rsitv, Baltimore, Md., Wm. F. Dura 
v t fight the enemy The DH-4, the Bristol \lem LSM. Prot ( Mechanical | ngineering Lel 


mn were to gn 
etically all other types except training planes were all Stanford Jr. University, Cal., Samuel W. Stratton, Mem. A.S.M.1] 

that President of the Massa setts Institute of Tech 
ere not improved in their American adaptation Mass., D. W. Taylor, Rear Adm. U. 8. Navy, Retired, and Orvill 


however, a different spirit has appeared in Wright, Hon. Mem. A.S.M.E., one of the two brothers who orig 


ology, Cambridg: 


n prod icts, and there Is rood reason to by lieve 


> e the armustice, 
viation. While appropriations for building airplanes inated the airplane Chese eminent and busy men ¢ 
Army and Navy haye been reduced to a limit which is been induced by salary considerations to do the work of the ¢ 
red dangerous by the enthusiasts of the new service, a vast ittee, consuming as it does a large amount of time and requ v 
of research work has been done, with the result that toda) their frequent presence in Wasuaington, but have undertak« 
may be considered as being practically independent of | from patriotic mot or the good of the country 
far as knowledge of aerodynamics and airplane design The task 1 N nal Advis Committee Ler 
ned And much of the credit for this achievement is duc has , that ollecting the informatio ECE 
il Advisory Committee for Aeronautics design aircraft of lasses intellige ind to test them reli 
Only those cog int of the deplora of knowledge regat t 
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS icevalt dnaiun andl emsretion ons ve any concention of the mas 
was established in 1915 for the purpose of super tude of tl lw ( e mad inted wit 
directing the scientific study of the problems of flight ichievern¢ ( ( how t 
w to their practical solution, the determination of prob- — markable is the work done by its eng 
ild be experimentally attacked, and their investi the scanty m 























} 
{ Le Right Tre NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
; W.. Stratton, President, Mass. Inst. Tech Prof. Charles Marvin, Chief, United States Weather Burea 
¢ Wright, Dayton, Ohio Dr. M. I. Pupin, Columbia University 
~ajor I H. Bane, Chief Engineering Division, Army Air Service Rear Admiral D. W. Taylor, Chief Constructor, U. 5. N 
r. John F. Hayford, Northwestern University Dr. Charles D. Walcott, Chairman, Secretary, Smithsonian Institution 
R: n. Paul Henderson, Second Asst. Postmaster General (Guest Major General Mason M. Patrick Chief of Army Air Service 
a ‘ear Admiral Wm. A. Moffett, Chief, Bureau of Aeronautics, U.S. N Dr. Toseph S. Ames, Chairman Executive Com., Johns Hopkins Univ 
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Fic. 2 


LONGITUDINAL SECTION OF COMPRESSED-AIR WIND TUNNEL 
(The walls are made of steel plate 2'/s in. thick.) 














Fic. 3 View or Compressep-Arr Winp Tunnet SHowine Fan Motor Fic. 4 Compressep-Ain Winp Tunnei SHOWING OBSERVATION AT 
AND AIR Pipes 


FORM AND AIR COMPRESSORS 


PU Aid 
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THe New Spirit 1N AERO ENGINEERING ind ingenious 


research methods and instruments, and the « rrying 
The history of design in aeronautics strikingly resembles that out of thousands of tests in th laboratory, on the ground, and in 

n bridge engineering. The earliest bridges were the work of flight 

families of carpenters or stone masons who passed on a few very 


' ; ORGANIZATION OF AERONAUTICAL RESEARCH BY THE N.A.C.A 
general and untested rules from generation to generation. They 
vere built by certain rules of thumb without any regard to or anal- We shall discuss the organization of research first, which is prim- 
sis of the stresses to which they would be subjected If the stresses arily & manager e} t problem that differs from the organization 
uppened to be within the capacity of the bridge, well and good of an industrial plant in many ways 
ut if for some reason too great a load was placed on the structure Urganization of research is basically unlike the organization of 
collapsed; and while some may have become sadder they seldom = ™#0ulacturing plant and approaches that of a jobbing machine 
ecame wiser through this experience, and the next bridge was “#OP im that stead of production being essentially a repetition 
lilt in substantially the same manner and trust reposed in Prov 





ce 
While aeronautics does not cover as many generations as bridge 
iilding, it has been but little more scientific Airplanes were 


signed at first by inspiration. Sometimes this inspiration was 
ght and a better machine resulted, but exactly why even its 
igner could not show. At other times inspirational design 





led and the machine was abandoned, but not in many cases 
til it had caused the death of one or more fliers. However 
re was no way of telling exactly why and in what respect th 
posed design failed. To all practical purposes engineers were 
ldeatting”’ in airplane design 

he testing of airplanes was practi ally as unsatisfactory as 
r design. Models could be tested in wind tunnels, but ther 
no way of determining to what extent the results of a wind- 
nel test would apply on a full-scale model, the so-called law 


lynamical similarity”’’ being one on which entirely too littl 
ise information is available 


full-flight tests absolute reliance had to be placed on the 














Fic. 6 Muutriepte Recorpinc MANoMETER (Fic. 5) MountTED ON Cock 
PIT 
Th I " tt t eading to pressure buttons on various parts of the a 
plane wing by whicht pre ur ita given spot is commun ited to the manomet 
of a given set of operations, every job presents an individual problem 


entirely novel in its main aspects and one that has to be handled 
in its OWN Wa\ 

In the National Advisory Committee as it is organized, problems 
may arise in several different ways. A problem may be proposed 
by the Committee itself or by one of its members; it may be sug- 
gested by an outsider or an outside organization, perhaps in con 
nection with an invention submitted to the Committee for co 
sideration; or the Committee may be requested by a Government 
department, such as the Army or Navy or Post Office, to undertake 


i research. 











Each problem as it arises is referred to one of the three mair 
sub-committees of the Committee and this sub-committee deter 
mines broadly the extent to which the problem should be invest 

~ gated and the organization which should handle it, and submits 
its recommendations to the main committee. It may thus be 
I > Mututiere Recorping Manometrer Usep 1N OBTAINING THI 


handled at Langley Field or at th Sureau of Standards, whic! 
rRIBUTION OF Pressure Over AIRPLANE WINGS AND SURFACES , | ; : 
cow Desseee latter has a standing arrangement with the National Advisory 
Committee for Aeronautics for this purpose; or it may be referred 
ressions obtained by the test pilot, which were likely to be by special arrangement to an outside organization such as tl 
tured by his changeable state of mind, his ability to report Massachusetts Institute of Technology, the University of Illinois 
rvations exactly, and possibly his personal prejudices for or the Leland Stanford Jr. University, or the like, this being 


clone 


nst the given design. The report of a test to all practical pur- when an outside organization has the proper equipment and persor 
s resolved itself into the opinion which the test pilot formed, nel to handle the given problem. 
i purely qualitative conclusion not based on exact scientific data It should be clearly understood, however, that the sub-committees 
and arrived at by one not trained in the art of exact observation of the National Advisory Committee for Aeronautics mark out 
| ind operating under conditions which did not insure satisfactory the program for each given investigation only on very broad lines 


sion. It is only natural for an aviator flying a new, unfamiliar, especially when the work is to be done in the Committee’s own 
intested plane to be more concerned with his own safety laboratory at Langley Field or at the Bureau of Standards 


with the precise extent to which the plane responds to his The research man is preéminently one venturing into unknow 
maneuvering. All of this created an uncertain, unsatisfactory, fields. Like David of old he may go out to look for lost asses and 
: d highly unscientific situation. The National Advisory Com- find a kingdom. Quite often, however, the contrary happens 


tee for Aeronautics undertook to remedy it, and the amazing tobethecase. In research it is not unusual to find that apparently 
part of it isthat while the work is not yet completed, enoughhas minor problems to which scarcely any attention has been paid 
done to place airplane design and testing on a sound basis at the beginning of the work rapidly develop into major ones 
to insure proper precision in the taking of observations. and it is not unusual also to find that the problem for which the 
» accomplish this required the creation of a research organiza- given research was originally undertaken proves on closer con- 
inlike anything previously in existence, the design of novel _ sideration to be no problem at all. Because of this a certain elas- 
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instructions Is imperative, the governing body, suc] 


as 
the main sub-committees, keeping in close touch with the 
work of the laboratories through progress reports and occasionally 
through pers mal observation 

When the problem reaches the Langley labo- 


ratory it is then considered at a conference of the engineer-in-charge 


| ield resear h 


For ex- 
given problem may deal with the determination of the 
aerodynamic properties of a wing. In the conference with 
engineer-in-charge would be the head of the Wind Tunnel 
Division, the head of the Instrument Section, and possibly the 
head of the light Test Division. At this conference the general 
problem of how this piece of research should be carried on is con- 
sidered, as well as the research facilities available and the new 
instruments or appliances that have to be provided. A tentative 
time schedule is established and an estimate of the f the 
given investigation drawn up. Such a conference is usually quite 
informal, no minutes being kept and each member present taking 
notes as to what his group should do and when it may call upon 
other groups to assist in the new undertaking. In addition to 
this brief conferences of all the heads of the technical divisions and 
sections are held every week, at which progress reports are made 
as to work in hand so that all can keep track of what is going on 
The general organization of the laboratory may be seen from the 
chart in Fig. 1 

The laboratory Is equipped with a small instrument shop capable 
of doing work of high precision. As far as possible all heavier 
and rougher machine work is done by outside contract, although 
facilities therefor are available in the laboratory if the need 
urgent. When it is decided to build a new instrument or piec 
of apparatus, the practice is to carry the design work in the drafting 
room only to the extent necessary to establish a proper basis for 
the construction of the first model. 
duce a full set of shop drawings, a complete idea of the design often 


with such heads of divisions as may be interested in it. 
ample 
new 
The 


cost ¢ 


is 


No attempt is made to pro- 


being present only in the brain of the engineer. 
being completed, it takes shape. 
made either on parts already produced or by making entirely new 
parts. In case the new device is an addition to the family of record- 
ing or indicating flight-test instruments, it is tested out first in the 
laboratory and then in flight. If it its operation 
approximately meets expectations, changes are incorporated and 
further tests are made until the performance of the apparatus 
fully satisfies the requirements or its limitations are determined 
While this does ni 


procedure, experience 


As the parts are 


Sometimes changes have to be 


is found that 


it at first appear to be a very scientifie or logical 
it does lead to the 
production of satisfactory apparatus with the minimum of delay 

When the apparatus has been definitely completed and tested 
out 


has demonstrated that 


by use, complete working drawings are made. This is made 
the fact that the 
is not a production shop and ordinarily does not build duplicates 


he dor eat 


) 
ariy 


particul necessary 1 researen laborators 
of the instruments designed in it, since this can usually 
somewhat less cost by properly equipped outside shops 

In this connection it may be mentioned that methods have beer 
developed by engineers of the laboratory for handling this work 
in outside shops. It would have been obviously impossible to 
write complete for each apparatus. 
in the several years of its existence, the laboratory has compiled 


specifications Therefore 
what might be called a “white” list comprising shops that expe- 
rience has shown can be relied on to do the work satisfactorily, 
and it is to such shops that the production of instruments from 
complete drawings prepared at the laboratory is farmed out 
This method, while somewhat informal, has been found to be most 
productive of results. 


RESEARCH PERSONNEL AT LANGLEY Fietp LABorarory 


As regards the personnel of the laboratory, the engineer-in- 
charge has stated that experience has shown that the best plan 
is to employ good men directly after they have been graduated 
from college and before they have been engaged in any production 
work. While they may be lacking in practical experience, it has 
been found easy to instill into them the true spirit of research, 
a matter somewhat more difficult in the case of engineers who have 
been taught to concentrate on “getting the work out.”’ 
Naturally the turnover jn the ranks of the researchers is quite 
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hig \iter the yvoung men have been at the laboratory a few 
vears they find themselves in possession of a considerable amount 
of valuable engineering experience and training, and to obtair 
their services commercial organizations offer the ] ir great 
than the modest salaries with which the Gove nel pind] te 
its scientific met 

In a way this handicaps the work « e laboratory 
serious objecti n can be made, partly i ise of the gratihcatior 
natural in seeing men leaving the laboratory t ) ipV responsib 
positions in the outside world, but especially since in this way tl 
laboratory comes to occupy the positiol i ool sending 
its missionaries into the industry to teach respect for aeronauti 
research and methods for bettering American ae1 tical product 
The industry badly needs such a school, and in training the resean 
force of future American aircraft factories t hield ! 
ratory and its allied organizations are performing a valuable ser 
to the cause of national preparedn ss 

On a visitor to the laboratory this feature produce i str 
impression. Aeronautics from the beginning has been a your 


man's game, and as one passes from one building of the laboraton 
the late 


tips \) 


to another he constantly meets keen young men with 


information on their respective subjects at their finge1 


the amazing thing about it all is that these voung men with b 
scanty financial means at their command are achieving result 
which are rapidly revolutionizing the industry and conver 
it from one of unadulterated rue sswork into an exact science 
Winp-TUNNEL TEesTING 
The Wind Tunnel Division has two tunnels, one of conventio 


design built of wood, and the other of the so-called 
type and of radically novel construction 


} igh-press 
The art of testing various wing, airplane, and propeller sl! 
in wind tunnels has been brought within the last twelve year 
a high state of perfection and the instruments developed i 
time make it possible to measure and record the performanc: 
a model in a wind tunnel with great reliability and precision. | 
trouble begins when an attempt is made to interpret the data « 
tained in a wind tunnel in reference to their application to 
scale machines. There is the so-called law of ‘‘dynamical simila: 
which purposes to express the relation between results obtaine: 
models and the performance of full-scale machines, but the ext 
to which and the precise way in which this law should be app 
is still a matter of considerable uncertainty 
The compressed-air tunnel, Figs. 2, 3 and 4, 
esting attempt to apply a novel principle to the testing of n 


represents an il 


Briefly and without going into aerodynamic intri 
it may be said that a model of a length, say, ol Om. 
having an absolute pressure of 5 atmos. behaves in the same n 


shapes. 


in air st! 


as a model 30 in. long would behave in air at atmospheric pri 


In other words, an increase in the pressure of the ambier 
in which a model is tested is equivalent to an increase in 
of the model approximately the same rate as the iner 


pressure. 
This is a 
| 


rather novel departure in testing 
not enough work of the kind has been done to show its exact 
It that at the Langley Field labor 
sufficient equipment is available to obtain precise data as 


J 
Lrpiale 


is fortunate, however, 
behavior of various wing shapes when incorporated in 
airplanes in flight, and it may be expected that a comparis 
tween data obtained from the normal-pressure tunnel on t! 
hand and from the compressed-air tunnel on the other, whe 
pared with data obtained from wings of the same shape in 
flight, will throw a vivid light on the still obscure but hig 
portant law of dynamical similarity. 


As shown in Fig. 2, the compressed-air wind tunnel ki 
the laboratory as Wind Tunnel No. 2 is essentially a rivete: 
of quite respectable dimensions, 15 ft. in diameter by 36 ft g 
built of steel plate 2'/s; in. thick, which is none too much consier 


ing that the apparatus is designed for working with a ma) 
pressure of 300 lb. per sq. in. 


Inside the tunnel is a propeller which circulates the air and creates 
the necessary air stream; spy windows are provided to 
the instruments, which latter may be controlled from the outsid 


by the observer 
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INSTRUMENTS FOR DETERMINING THE MAGNITUDE AND DISTRIBU- 
TION OF STRESSES IN AIRCRAFT 


One of the most important problems in the design of either an 
airplane or a dirigible is the determination of the magnitude and 
distribution of the stresses in the structure. It is obvious to any 
engineer that before he can design a piece of machinery he must 
know what the stresses are in the entire machine and particularly 

















Fie. 13 


A UniversaL Test O11 ENGINE 

(Conditions of operation, such as valve timing compression pressure, clearance 
etc., may be varied while the engineis running.) 
the stresses in the parts. This is why we can use a material like 
cast iron in the foundations, but have to employ steel forgings, 
possibly special heat-treated alloy steels, in parts rotating at a 
high speed or subjected to severe vibration. Both airplanes and 
airships have hitherto been designed in the utter absence of such 
important data. 

While designers for a number of years have known the general 
nature of the distribution of air pressure over wing surfaces and 
have been able to apply this knowledge in “sand testing” airplane 
structures, this mere approximation was found to be untrustworthy 
when applied to modern high-speed racing and fighting craft, 
several of which have been the victims of unexpected accidents 
which were later explained by a more thorough knowledge of the 
air loads on airplane wings and control surfaces and on airship 
hulls. The collapse of the Italian-built semi-rigid airship Roma 
in this country and the British-built rigid airship ZR-2 in England 
were probably due to lack of adequate load informatien. The 
National Advisory Committee for Aeronautics was the first body 
to undertake a thoroughly scientific investigation of these loads 
and their distribution, and to carry it through to a successful 
conclusion. 

To do this a new instrument was devised (Figs. 5 and 6) called 
the multiple manometer, chiefly remarkable for the fact that within 
a space slightly smaller than a man’s silk or stovepipe hat there 
were crowded thirty diaphragm-type registering manometers. 
These were connected by small tubing to small brass pressure 
buttons located at various points of the surfaces of the airplane 
wing or control surface. The tiny points on the airship in the 
illustration on the cover of this issue are special “pads” for the 
same purpose. The pressure at each of these points was trans- 
mitted through the rubber tube to the corresponding registering 
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manometer while the aircraft was in actual flight. This permitted 
recording the variation of distribution of air pressure over the 
surfaces during various flight maneuvers reliably and without in 
any appreciable way affecting the behavior of the aircraft itself. 

The idea seems to be very simple, but it required an immense 
amount of thought and engineering design in order to carry it 
through successfully, and it gave truly amazing results. In the 
first place, it was found that the distribution of load over the wing 
of an airplane flying at high speed was decidedly different from what 
had been anticipated. There have been cases, especially after 
a rapid dive, where the fabric on the upper side of the wing was 
uctually torn off at the forward edge. There did not seem to be 
any reasonable explanation for this as the loads were supposed 
to be of the order of 50 lb. per sq. ft., which was considerably less 
than the fabric was capable of withstanding. 

In the tests of the National Advisory Committee for Aeronautics 
it was found that the loads reached a maximum of 210 Ib. per sq 
ft. instead of 50 lb., or were more than 300 per cent greater thar 
hitherto supposed. This means that the forward edge of the wing 
will have to be reinforced in some way. It will also probably meat 
that a complete and intelligent redesign of the shape of the wing 
must be effected to avoid this undersirable localization of the load 
and in any event it will mean a more intelligent handling of flight 
problems themselves. 
thes 
covery of unsuspected extreme load concentration at the wing tip 
which explained several instances where the wings had buckle 
and fliers had been killed. Here the solution of the problem ha 
already been found, namely, altering the wing-tip shape and givin, 


Another entirely unexpected result of tests was the dis 


to the wing a negative angle at the rear, a simple matter whi 

















Fic. 14 Fue.-Insecrion Pump Deve.orep ror Usi 
SINGLE-CYLINDER Test LIBERTY 


WITH THE SP! 


ENGINE SHOWN IN Fic. 15 


will save many valuable lives; and yet it could not have 
arrived at without some such methodical and scientific investig 
as the Committee and its engineers applied and are applying to 
the problems of aeronautical design. 

While space does not permit going into this matter more 
the cover illustration shows that the same methods have been 
employed in the design of airships. Without revealing any mi 
secrets, it may be stated that the results of this investigation iv 
been already taken into careful consideration in the design of the 
huge Navy dirigible ZR-1 now under construction at Lakehurst. 
N. J., and because of this there is reason to hope that it will escape 
the fate of the ZR-2 and the Roma. 

In general, it is the aim of aerodynamical experts of the National 
Advisory Committee for Aeronautics to place the design of an al 
plane on the same scientific basis as that which has been employed 
for a long time in bridge design, where it is possible to know before- 
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ind the stresses to which not only the entire 
structure but every one of its members will be 
ibjected. The ability of the materials used to 
vithstand these stresses being known, it becomes 
possible to specify such factors of safety as will 
ire the proper functioning of the structure under 
but absolutely unforeseeable conditions. This is 
undertaking of great difficulty and importance, 
lifficult, in fact, that no practical attempt at it 
been made anywhere outside of this country; 
and it is a matter regarding which American engi- 
| neers may feel proud that conclusive results have 











been obtamed within a period of less than three 
rs of work, and with the expenditure of an ex- 
tremely modest sum of money. 
Puicur TesrinG oF AIRPLANES 
he proof of the pudding is in the eating,” but 
- t loes not mean that all who eat the pudding 
“ will agree as to its qualities. There is presumably 
v it as much variation in the ability of different hic. 16 ApPpaRatt 8 FOR OBTAINING PHOTOGRAPHS at A Hier Rate or Speep (OF THE 
. ‘oe : , ORDER OF OOOO PER SEE ro SHOW CHARACTERISTICS OF Fuet Sprays 
ilots to judge of the performance of an airplane, iad sail al cides ini seeds il eieedineiionna: hela ida ditints cil candies ita tididadh 
ise of the personal element of the flier. Further- 
there are good grounds for believing that even a reliable test the same way, since not all have the same quickness of reflex o 
will not always report things as they have actually occurred the same “feel” of the machine 
tter how honestly he may try \ new instrument has been developed called a control position 
event, impressions of a test pilot, and that is practically recorder, by means of which every movement of the “joystick 
i report of the ordinary test flight amounts to, are too indeter- is recorded and timed. This is not all, however, because in additior 
to make a comparison possible. As a result of this there to recording what has actually been done, it is necessary, in ordet 
n in the past no reliable way of determining the qualitic to judge of the controllability of an airplane, to know how mucl 
rplane in flight, in particular its controllability and ma- f an effort a pilot has had to exert to obtain a given result., This 
lity gain can now be recorded and timed by means of a control for 
lve this problem the National Advisory Committee | recorder, the two instruments together giving a complete recor 
ed a series of instruments which give exact information as f what the pilot has done 
the pilot does in flight at any given time, and show The next problem was to find out to what extent the airpla 
vil just what happens as a result of a given action responded to the control operations of the pilot—whether it made 
the turns, dive ooms,”’ ete., demanded of it, and how rapidly 
ist interesting of these instruments are those designed it did so. For this purpose an interesting series of instrument 
i the actions of the pilot in controlling the airplane. Many were developed. These are shown in Figs. 7 to 11, and the stabilit, 
trolling operations of the pilot are very nearly automatic of an airplane, its ability to take turns, to accelerate, ete., is, 
the same way as are those of an expert automobile driver rather may be, recorded synchronously with the “position” and 
ng his way through congested traffic. They consist of a ‘force’ records of the control apparatus. A comparison of th 
f slight movements of the steering wheel, light pressure on two records will show exactly and independently of any personal 
le rator, and possibly a shift of the brake, all of these being element of the test pilot just what had to be done to keep the an 
taneous reflexes to the state of traffic ahead as viewed at plane on its prescribed course and what its ability was to stay o. 
1cceeding moment by the driver. The airplane pilot “feels” that course and to respond to such changes as might be demanded 
chine, and by slight movements of the control elements keeps of it. In this way it now becomes possible to obtain what may be 
if the desired course. Not every pilot controls his machine in called an index number of the controllability and maneuverability 
of an airplane, which enables one to compare two 
! 





ce... we i, ; 

















given machines fairly, reliably, and intelligently 
something which has never been done before and 
cannot be done without a set of instruments of the 
tvpe developed by the Committee. 


Test AIRPLANES 
In this connection it may be mentioned that at 
the Langley Field research laboratory the Com- 
mittee maintains a rather interesting assortment of 
airplanes. There are thirteen machines of ten dif- 





n ferent types ranging from single-seat Bee Line racers 
to capable of making better than 180 m.p.h. to a 
huge torpedo carrier that looks like an aerial truck 

‘ and carries about as heavy loads. The Committee 

en ; has the services of two pilots, and it is the belief of 
the engineering personnel that work such as is done 
e by the laboratory in the air should be performed by 
the test pilots specially selected and trained for it rather 
rst : than by ordinary flight pilots. The reason for this 
ape is that test pilots are more inclined to obey strict 
instructions as to what they should do than are 
nal ordinary flight pilots. Of course, when it is nec- 
ur essary to have extra machines in the air, arrange- 
ed ) Fic. 15 Generat Ser-Up ror Testine a Liperty StnGLe-CrLinper Speciat Unit Ween Ments are made to borrow the necessary personnel 
re; Orsnarure on Font. Iusmcnox amp Avrocunrion and equipment from either the Army or the Navy. 
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With thirteen machines in the hangar and extremely elementary 
facilities for handling the work, the laboratory manages to get 
along with two pilots and six mechanics in the hangar. In the two 
years that heavy flying has been done the laboratory has a record 
of close to 500 hr. in the air in all kinds of weather without a single 
smashup. 

In addition to the flying work in heavier-than-air machines, 
which is practically all done at Langley Field, a certain amount 
of experimental work on lighter-than-air machines is performed 
at the Navy Base at Norfolk, Va. This is being done with the 
regular Navy personnel, the engineers of the National Advisory 
Committee for Aeronautics directing the actual tests and acting as 
observers. 

OiL-ENGINE DEsIGN 

One of the many problems that are interesting today every 

aeronautical power-plant engineer is that of the design of an oil 


engine for aireraft. The National Advisory Committee for Aero- 








SPRAYS 


INSTANTANEOUS PHOTOGRAPHS OF | 


Fic. 17 
As noted in the text, these photographs were taken with an ¢ 
ratus and not with that shown in Fig. 16.) 


arlier type of appa 


nautices is devoting a good deal of attention to this problem at its 
laboratory at Langley Field and is going about it in a way that is 
certain to result in greatly broadening our knowledge of medium- 
compression engines. This work is being carried forward in three 
directions. In the first place, tests are made on a dynamometer 
outfit with a single-cylinder Liberty engine, and while some inter- 
esting results have been obtained, a great handicap exists in the 
fact that this engine was not initially designed as an oil engine 
and, therefore, no matter how much it may be tinkered with, it 
will not give high efficiency as such. 

From this point of view a good deal more may be expected from 
the unusual single-cylinder “‘universal’”’ oil engine shown in Fig. 13. 
One of the features of this engine is that the compression ratio can 
be changed while the engine is running, as can also the timing and 
lift of both inlet and exhaust valves, as well as the fuel-injection 
characteristics. 

This experimental work on actual engines is of course of great 
value, but after all so many variables enter into the operation of 
an engine that it is practically impossible to determine completely 
the influence of each one of them, and yet without taking them 
into is impossible to perfect a truly scientific 
design. 

Because of this the laboratory undertook what appears to be 
a highly original research, namely, that of learning the behavior 
of various jets as affected by each of the several variables that 
enter into the determination of the character of the spray. Among 
these may be mentioned the shape and size of the nozzle, the pres- 
sure of the fuel, the temperature and viscosity of the fuel, the 
temperature and pressure of the gaseous medium into which the 
spray is injected, turbulence, ete. 

The only practical way to investigate the various kinds of sprays 
appears to be by securing a photographic record of their gradual 
development. An apparatus (Fig. 16) was therefore built which 
made it possible to take photographs at the rate of 1350 per sec. 


consideration it 
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Some of these 7. Illumination 
for these photographs was provided by means of electric sparks, 
but in the initial installation the illumination proved to be insuffi 
cient to give the desired clarity of the pictorial image. The appa- 
ratus was therefore completely redesigned and is now practically 
completed. With it photographs may be secured at the rate of 
5000 per sec., and the illumination has been increased so that it is 
now about tenfold what it was initially. From eight to twelve 
photographs may be taken during the period a jet is developing 
from its beginning to full size. It is easy to see what a light will 
be thrown on the process of jet formation by an accumulation of 
such photographs. 

This, together with other developments at the research labo 
ratory, may be taken as an indication of a determined tendency on 
the part of the Committee to organize its research so as to obtair 
data that will be as free as possible from errors introduced by thi 
personality of the experimenter. In the case of jets this is don 
by photography, and in flight tests by means of the several record 
ing instruments which tell exactly what the pilot and the airplar 
did. The behavior of 
kymograph, gyro turn indicator, single- or three-component ace 
gyro position recorder, angle-of-attack recorder, et 


To know by record and by measure is a good rule to follow, especial 


photographs are shown in Fig 


the airplane itself is written down | 
erometers, 


in a sclence as voung and unorganized as aeronautics 


International Air Congress 


[HE following are brief extracts from two timely and inform 


addresses delivered before the International Air Congress he 


June of this vear in London on invitation of the Brit 
(,overnment 
The Duke of Sutherland, who acted as Chairman of the M 


(Committee of the Congress, in delivering his inaugural addr 


said that the present time was full of great possibilities in the r 
We were on the eve of far-re 


of aeronautics “machi ig advanet 
br 


aviation, which might within the next deeade or two ing abo 
partial or complete readjustment of our manner of living 
achieve the desired objects it Was, however, essential that 


results of research work and the experience derived from the ¢ 
gress should be properly applied by means of the continued sup] 
of governments, and by the business initiative, and 
of private citizens and companies of wealth and influence 

day had gone by when we could leave these things to develop tl 
selves and work out their own salvation. The stakes 
great for us to stand negligently by, while the world’s gr 
secrets were almost within our grasp. The development of 
and commercial aviation between all countries on a scale hit! 
unrealized and the evolution of a popular, cheap light 
for the public use were both essential factors for the future, and 


patriot 


were 


airp 
undoubtedly the forerunners of the world’s entry into an aeria 
age. 

J. D. North, in his address on The Technical Development ot 
Aeroplane, spoke as follows: 

“Mechanical flight in the brief twenty years of its existence has 
passed through four phases, each of an approximately equal pe Ml, 
and which are defined sufficiently clearly to be marked by the ob- 
There are indications that we are 
phase in the art and practice of aviation, the trend of which forms 
a legitimate field for speculation. 

“Let us take stock of our technical assets. We have a large 
amount of incompleted work which requires sifting and dev: 
to its proper conclusion. We cannot expect to develop the secro- 
plane on the heroic lines, the achievement-at-any-price met |iods 
which were proper to the war period. Probably we shall be com 
pelled to coneern ourselves mostly with small matters out the 
multitude of which great things may come. First, there 
development of the aeroplane from the economic standpoil 
improvement of the ratio of the useful load to the gross weight und 


server. now entering on a fit! 


the improvement of fineness whereby for given horsepower this 
gross weight may be given a better performance. These may be 
attacked either by systematic improvement of detail or more 


speculatively by radical changes in design.”’ 
29 and July 6, 1923, p. 682, and p. 5.) 








The Engineer, June 
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The Port of Montreal 


Factors Contributing to Its Development 
Mechanical Handling in Montreal Harbor 
Floating Drydocks, Standard Piers, Ete. 





The River St. Lawrence Ship Channel 
lectrification of the Harbor 


DERICK W. COWL MQ ( MB 
HE PORT OF MONTRI ssentially hational port 1) ( re THE HARBOR 
It has been cd eloped principle NAmMen \lo> 
that of codperating with in its complete Cry , \l | popul 
e for marketing, for warehousing, for collecting, for manufact 20,000. Q a ; es prema 
and for shipping—the prin of a truly modern port eapol Montreal vw 
The total land area ol Cana jual rile dur t hye ocear Ww 
ol populate n less than 2 4 pe r square mil as compare | | 1) eo could } ( 
stance, with 30 per square United States. 7 e} a 
rea. the remendous distances, and the distribution of t] \l d 
e PO] tion make the problem of transportation one of vital Cher id ‘ he 
rtance Canada, with present populatior 0) uy { hatte 
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| tal diff ) 1) Ont +} 
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| - ‘ P y ani of a 
ction tA | 1 States bordering 
( lian Northwest, e Great Lal 
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portation distance 


t sand miles. lurther 
ilso the 


desire 
part of the farmer 





the United States 


‘overed that remark- 


irket his products le p the Mohawk 

the winter set lley, through the 

l n the Great Lakes \lleghenies, and_ built 
St. Lawrence 1 es ir own “St. Law- 

ed. The trans- ce’ from Buffalo to 

tior problem Hudson River, open- 
t ( 6 ey S ¢ it in 1825, one year 
nd one ol the fore Canada op ned 


n connection with 


er first Lachine Canal. 


that problem is the port The first Lachine 
il Canal was opened in 

The development by IS26. Its locks of 

( la of navigation on ni construction, 





St. Lawrence, reach- 











rkable at that time, 


thousand miles Harror ComMMISSIONERS’ GRAIN ere 6! ft. wide, and 
the interior of the Storage capacity, 4,000,000 had a depth over the 
nent; the develop- sills t 4! ft They 
of the port of Montreal: and the ved inal navigation were sper navigation § | Durham boat 


een Montre al and the head of the ive heen recognized vessels 1) xt) ols the meantime Montreal became th 
itional necessities and have been promptly carried out to the — point of transfer between ocean navigation and inland transporta- 
of, and by the credit of, Canada. For a young countrywith — tion, and has retained that position now for one hundred years 


i small population and limited financial resources, the record The first harbor commussion having in view the 
excellent one Not ind de 
Weekly summed up matters as Montreal at that time ha 

and the only port accommodation consisted of the beach extending 


improvement 
pectfully submitted as being a most velopment of the port of Montreal was established in 1830 


writer in Collier’s d just emerged from being a walled tow 


igo Aa 

from the river wall to the water There were originally five gat 
from the river to the town, but with the introduction of the rivet 
IS]? trom Que hex 3 


hin the past decade Canadian enterprise has been building at Montreal 
the most modern and efficient harbors in all the world Yet the 
of Montreal is a thousand miles from the sea, and for five months of 


ris closed by ice 


steamer 1n ind the necessity ol more economy 


It has always struck us that the develop ment in discharging the brigs of that dav, wharves were required, 
of Montreal is one of the most daring and sportsmanlike pieces The 


rt 





numercial enterprise that ever has come before our eves 


nsulting engineer, Harbor Commissioners of Montreal 


l of 


Canada. 


Mem. Eng 


mtributed by the Materials Handling Division and presented at the 


Sprir 
SOCIETY OF MECHANICAL ENGINEERS. 
to revision 


ng Meeting, Montreal, Canada, May 28 to 31, 1923, of THE AMERICAN 
All papers are subject 
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‘new harbor commissioners having before them only a sketch 


plan, decided with wisdom upon obtaining the advice of that 


eminent civil and mechanical engineer, Peter Flemming, of Albany 
N. Y., who had just achieved fame by the successful completion 
of the locks of the Erie Canal 

Peter Flemming’s first report outlined the difficulties, and sug 


gested wharf structures estimated to cost £39,000. 


He recom- 


mended rock quay walls, and his estimate was based upon this type 
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of structure. Another the mud of Lake St 
engineer, whose name Peter at the rate of 


has not lived in history, 
suggested a timber- 
piling type of structure, 
and as this was found to 
save £10,000 it was 
adopted. Unfortunately, 
however, when the 
spring ice shoves swept 
down upon this timber 
structure, the inevitable 
happened. 


River Sr. Law- 
Sure CHANNE! 


THI 
RENCI 





It was the genius of 
the mechanical engineer 
that made possible that 
yreat achievement, the 
River St. Lawrence ship 
channel from Montreal 
to the sea. 

The first 
built in 


OO Wane, 


dredge was 
Montreal in 








12,000 to 20,000 cu yd 
per day. 

The cross-section of 
the 8-mile Culebra Cut 
of the Panama Canal 
was originally designed 
at SOOO Sq. ft The 
cross-section of the St 
Lawrence in the three 
miles of rock cut Is 
80,000 sq. ft. 


THe Port or MontrrREA! 


Montreal Harbor: 
today represent 
at capital cost ot 
$35,500,000. It is hard 
to believe that the sixt! 
port in the world, or th: 
second in America, could 





have been developed, ir 
cluding harbor dredging 


wharves, piers at 
L535, oe a eee. Fie. 2 Harspor Commiss:ongers’ Gratin EvEvatTor No. 2 basins; warehous 
having been brought (Storage capacity, 2,622,000 bushels. vyrain eli Vators al 
from Scotland. From equipment; real estat: 
1840 to 1844 various preliminary works—experimental and other- railways and electrification; permanent sheds; with all plant a1 
wise—were carried out, and it was only in 1840 that actual progress equipment, at such modest price. Port authorities throughou 


The author was first identified with this great work 
in 1886 when it was considered a wonderful and successful enterprise. 

Two types of dredge were then in use, the elevator dredge and 
the dipper dredge. It was soon apparent that the latter, though 
effective, could not codrdinate with continuous navigation, and the 
elevator dredge, floating and held in position by “crab” moorings 
so that it could quickly haul itself out of the way of passing ships, 
was adopted. 

From Montreal to Murray Bay the total distance by river is 
220 miles. In this distance dredging for deepening the natural 
channel has been required over a distance of more than 70 miles. 

Fortunately, owing to the settling basins, the Great Lakes, 
there is practically no sediment in St. Lawrence water, so that the 
dredged channel once completed remains permanent. The material 
varies from a soft blue clay of the consistency of a cream cheese 
to hard shale rock, almost as hard as ledge limestone. The quan- 
tity of material dredged has nearly reached the enormous total 
of 100,000,000 cu. yd. 

It was at Montreal that the elevator dredge was first adapted 
to dredge shale rock; immense cast-steel buckets with forged special 
steel teeth, operated by the necessarily powerful machinery, were 
successfully designed to dredge this hard rock at a depth of 48 ft. 
in a strong current; and to carry on at a rate of 2500 cu. yd. per 
day, working day and night; at a cost of 40 to 50 cents per 
cu. yd. 

Immense boulders covering the bed of the river, many of them 
weighing 50 tons, had to be lifted and removed: all of which was 
successfully accomplished without blasting. 

In Lake St. Peter, where the depth had been originally 11 ft., 
18 miles of solid dredging was required. For this work several 
types of dredges were designed. The late Sir John Kennedy, a 
mechanical genius, improved the ladder dredges to such an extent 
that one dredge vessel was capable of dredging and having removed 
by scows 6000 cu. yd. per day at a cost of 3 cents per cu. yd. 

When the project for widening and deepening the channel was 
undertaken in 1900 under the direction of the author, it was evident 
that a new departure was required for speed as well as economy. 
The suction dredge was investigated, but it was found quite 
impracticable to pump the sticky blue clay of Lake St. Peter by 
the suction principle. Mr. A. W. Robinson, Mem. A.S.M.E., a 
mechanical engineer of Montreal was consulted, with the result 
that the dredge J. Israel Tarte was designed, constructed, and put 
into operation. This dredge, having a rotary cutter and working 
on the suction plan, was capable of dredging and removing by pipe 


was commenced. 


the world may obtain much valuable information by analyzii 
the principles and methods adopted by the Montreal Hart 
Commissioners and which have resulted in such an almost unparal! 
achievement 


MECHANICAL HANDLING IN MONTREAL HARBOR 


It is admitted that only such mechanical handling has bx 
adopted in Montreal Harbor as has 
necessary and as been demonstrated to 
economical. 

Some vears ago, by the direction of the Harbor Commission 
of Montreal, an exhaustive study was made of harbor freig! 
handling devices by several eminent engineers. These n 
unanimously agreed that it would be unwise to equip the Montr: 
docks at that time with any general system of freight-handl 
devices, except for special freights. The ‘forest’ of cranes wh 
is in evidence in many European ports is therefore not seen 
Montreal Harbor. The decision regarding mechanical hand! 
was greatly modified by the recommendations of the author t 
equal or better economical results could be obtained in the ha: 
by special correlation between the railways and the docks, the « 
centration and use to full capacity of facilizies, and the exten 
of the grain-elevator svstem of delivery of grain to all bert! 
the central harbor. 

Electric hoists were designed, for the firs’ time, to make equ 
valuable the upper as well as the lower stories of the transit sheds 
This design, so very successful, was adopted when team t1 
porting was the rule. At the present time when motor-truck t: 
port is feasible on an 8 per cent grade, there is room for difference 
of opinion. Practically the whole of the Montreal Harbor syst: 
transit sheds, having a total floor area of 60 acres, is specially 
adapted for the use of the storage-battery truck and trailer, an 
the new system becoming so general in American ports, naf 
the supporting warehouse. 

For general cargo, therefore, as may be seen by actual di 


been found absolut: 


has be desirable 


, 


stration, Montreal Harbor is sufficiently equipped, in coérdin: tion 
with the splendid freight equipment of the ships, for speedily, 
economically, and with great satisfaction to all concerned, turing 


around ships and their cargoes. 

Special Freight Handling. While there is satisfactory euip- 
ment for the handling of coal in the harbor, Montreal is not an 
outstanding coal port. 

The handling of live cattle is conducted with great rapidity and 
satisfaction from railway cars through the sheds to the gangways 
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of the ships, without any special equipment and without requiring 
the ships to move from their berths. 

For the storage and handling of flour special facilities have been 
under consideration, and it is expected that this feature will require 
imilar study and similar accomplishment 





as exemplified by the 
lesign and installation of facilities for the storage and handling 
t grain 
The Storage and Mechanical Handiing of Grain. In America 
the areas of export production are at a great distance from the 
iboard. Grain has to be transported over great distances and 
indled many times as compared with the producing areas in com- 
eting countries. Moreover it is difficult to realize the magnitude 
the quantities of grain produced in America. In North America 
production of grain annually is in excess of six billion bushels. 
least five hundred million bushels are exported, and, let us say, 
ree hundred million more are shipped to some local market, the 
minder—two and a half billion bushels—being consumed on 
farn 
In America, as a rule, export grain is handled at a country 
: ator, at the head of the lakes, at a lower lake port, at an ocean 
t, at a port in Europe, and at the final milling point. The cost 
is handling for the export business may be estimated at 8 cents 
bushel and amounts to $40,000,000 annually. The three billion 
al grain are handled at least twice, at an estimated 
2 cents per bushel; a further amount of $60,000,000 
LLl\ Chat is, the cost of handling the grain grown in America 
nuts to something like $100,000,000 annually What a prize 


ost could be de« reased 25 per cent, or even 10 per cent! 


heIs ol k 


ol, suv 


he port of Montreal is one of handling 
handled over 155 million 


els. Without the grain business and profits on handling, 


important ports lor 


rt grain in America and last year 


treal would not be the second port in America 
When it is considered that on the opening of the Canadian 
Railway in the West in 1886 there were no facilities and no 
ization of any kind for the handling of grain, one is profoundly 
ssed with the successful mechanical development which 
resulted in the handling of the present production with one- 
f the Canadian Northwest agriculturally developed; and with 
requirements of the future, when five-sixths will be sending 
ir streams of export to the markets of the world 
lt may be asked, “Is there anything left in the way of possible 
provements?” But when it is considered that grain may be 
ved, weighed, stored, reweighed, and delivered to a ship at 
berth half a mile from the elevator at about 50 cents a ton, why 
rest’ satisfied? 


During the war, when 
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an hour, while, with the new dumper, it takes a similar gang only 
six minutes, its value will be appreciated. A feature of the car i 
that it may be installed in a separate building, thus greatly 
minimizing the danger from dust explosions. 

There remain, however, serious problems requiring solution, such 
as the trimming and shoveling of grain in vessels in America, 
particularly in the European ports. 

The Mechanical Handling of Flour As wheat unmanufactured 
is exported in great quantities, so manufactured wheat or flour is 
now becoming a important 


and 


very American commerce 


Who can solve the problem of a “container” more rapidly trans- 


item ol 


portable and economical of space than the barrel and less wasteful 
and better than the sack, and thus make flour shipment compete 
with that of bulk wheat? 

The Cold-Stor lie W arehouse Last 


vear there was opened for 
business in the h irbor of Montreal a cold storage warehouse, which 


was built to aid the producer in the preservation and marketing 
of his products and to lengthen the season for the consumer for 
many articles of daily consumption. This first example of this 
phase of harbor development is only a beginning, and modern ports 
are In Many cases now considering this type of harbor enterprise 
us l! ON OF THE Harpor TERMINA 

The Montreal Harbor railway terminals consist of surface lines 
situated between Victoria Bridge and the Imperial Oil Wharf 
distance of 10 mites, and have a total trackage of over sixty mul 

lor several years nine standard locomotives have been in opera 
tion. Recently, howevér, it appeared that if the service was 
be maintained to its highest efficiency, additional locomotives 
would be red to maintain a prompt service 

After investig n and study, electrification has been found to 
be not only economical but more efficient than the use of steam 
locomotives, especially during the winter months, the price of coal 


having int 


ent years advanced 300 per cent as against an increase 
of only Ss pel droelec tri 


Canadian Nati 


Commissioners | 


cent for hy power. Further, through the 
electrified terminal the Harbor 
ve a marginal harbor railway terminal connecting 


| plants on the river front with the harbor docks 


Railways’ 
all railways and 


FLOATING DrYDOCKS 


a tract of land 30 acres in extent 
harbor and leased to Canadian Vickers, Ltd 
A shipbuilding and repairing plant was installed here and the 
floating dock Duke of Connaught, built in England, was towed to 
the same location This drydock is capable of 
accommodating the 


Opposite Maisonneuve 


Wiis 
reclaimed from the 


from across the ocean 





Was so scarce and 

pments required to be 

F rgent, it found 
iost.impossible to 

load =promptly the 


LuiWay 


WAS 


cars containing 
un into the elevators. 
author accordingly 
lertook an 
ion into the 


investi- 
possl- 





ty of the mechanical 
oading or dumping of 
This investigation 

s later continued by 
John S. Metealfe, 
Ltd., of Montreal 

| Chicago, who finally 
ceeded in designing a 
n-car dumper which 
: solved the problems 


ibor, time, and cost 
" i most satisfactory 
m inner. 
When it is considered 
ai it the old method of 
ill 





largest existing vessel of 
the British Navy and 
has the following di- 
mensions: 

Length, 600 ft. 

Width, 135 ft. 





Length of side walls, 
470 ft. 6in. 

Height of side walls 
59 ft 

Draft of vessel fordeck, 
30 ft. 

Lifting capacity, 25,000 
tons 


STANDARD PIERS IN 

MONTREAL HARBOR 

A standard pier in 
Montreal Harbor is 1200 
ft. long and 300 ft. wide 
The interior filling of the 
pier is solid, so that the 
ground-floor or pier 


cargo weights are not 
limited. 
The pier area is laid 


out with one standard 





nloading grain cars by 
; hoveling required from 
int I 


Fie. 3 
ir to five men for half 








Granp TrunK Rattway Grain ELEVATOR 
ys (Showing n foreground locks at entrance to Lachine Canal; storage capacity, 2,100,000 bushels.) 
i\e 


railway track on the 
quay front. Closely ad- 
joining this track there 
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s a two-story transit shed 100 ft. wide and 500 to 600 ft. long, 
built of steel and concrete and fireproof throughout. The lower 
floor is elevated to the height of a freight-car platform. 

In the pier center, adjoining the shed, there is a 6-ft. trucking 
platform, two standard railway tracks, and a roadway. For 
the inner sheds and also for the outer sheds there is a vehicular 
elevator. These elevators carry two trucks at a time up to the 
upper-story level, and at each elevator a transverse bridge connects 
with the two sheds. 

The marginal railway required to feed this pier, assuming shunts 
to be made every six hours, day and night, has been found to necessi- 
tate two standing tracks for waiting cars, two through-running 
tracks, and two other tracks partially for waiting cars and partially 
for teaming, the length required for each pier being at least 1000 ft. 
This is in addition to the holding yards at various points in the 
terminals. 

The upper stories of the transit shed are designed to carry a 
floor weight of 600 lb. per sq. ft. They are used almost entirely 
for imports, but also to some extent as collecting warehouses for 
export freights. 

Grain is delivered to berths from overhead 
entirely separate from other cargoes. Ships may receive grain 
from two belts at a time at the rate of 15,000 bushels per hour each, 
the grain being spouted directly from the belt into the hold unde: 


these conveyors 


a head, which with goosenecks eliminates to a great extent trimming 
in the vessel. Outside of the ship there is ample room for lighterage. 
The four berths at each of these piers are designed after long 

< 
and are based on each berth being 
and load an 


These berths are used 


experience for American traffic, 
able to unload an average cargo of 5000 to 6000 tons, 
average of SOOO to 12,000 tons per week 
to capacity throughout the season of over seven months 


Tue St. LAWRENCE DEEP WATERWAY 


Harbor Com- 
as a public 
Important publie interests relating to navigation, to the 


lor many years the organization known as the 
missioners of Montreal has been recognized generally 
trust. 
St. Lawrence route, to maritime commerce, as well as to the harbor 
of Montreal have been entrusted to them, not only for development 
but for guarding inviolate the rights, obligations, and interests of 
Canada in the River St. Lawrence district. 

The commissioners have declared officially that their policy 
must be commercial development; their duty, to guard and im- 
prove navigation. They submitted for the consideration of the 
International Joint Commission their opinion that approval of 
every important project connected with the St. Lawrence should 
be withheld until a properly developed plan has been prepared, 
taking in the whole river from Lake Ontario to Montreal, that will 
fully safeguard for the people of the United States and Canada 
their heritage in connection with: 


1 Navigation 
2 Hydroelectric power 
3 Regulation and flow. 

Whv, it may be asked, is the St. Lawrence deep-waterway 
project more acutely before the public today than it was ten years 
ago? Ten years ago steam coal was available in Ontario and Quebec 
at $3 per ton, and the supply was ample. Today the price is two 
and a half or even three times higher and the supply unreliable. 
Ten years ago the price of transportation of a bushel of wheat from 
the farm to the United Kingdom market was 15 cents. Today it 
is double that. 

Before the war Canada was not the equal of other countries as 
regarded engineering and industrial works and variety of industrial 
output. Today, however, she can build any or all of the parts 
needed in hydraulic and electric developments, and much that was 
not known ten years ago about ice control and low-head power 
has been learned and successfully applied in practice. 

What equal project in the world, therefore, now offers an equal 
return to man from the generous resources of nature? 

For navigation purposes alone the St. Lawrence deep waterway 
may be admitted as of doubtful economy. The Harbor Com- 
missioners of Montreal, however, representing not merely the in- 
terests of Montreal but of all Canada, have taken an eminently 
fair attitude upon this question. In their excellent annual reports 
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they have stated that thev do not believe that ocean vessel except 
specials, are either fitted for inland navigation or can compete 
with the Great Lakes type of vessel, including a transfer at Mon 
treal., 

They would weleome and have reserved harbor acconunodation 
for the 10,000-ton lake vessel, but they specifically state that, in 
their view, public money at the present time, u available, will 


yield better returns if applied to improving proper port terminals 

Navigation improvements and the development of hy 
power may hand in hand. The latter 
former. But before such a scheme may be 
have, and it is worthy of, the most profound consideratio 1 the 


" lec tri 
come may pa for the 


considered t ila 


most careful investigation 


\ Monrreat Brince Prosect 
Seventy years ago, when railroad transport had = p dl its 
success, a bridge was projected and later built to carry railway 
trains across the St. Lawrence. Today it is a question of t require- 


ments of a bridge for motor transport 
In 1919 the limits of Montreal Harbor, placed by the ¢ 


Government under the jurisdiction, control, and management of 


the Montreal Harbor Commissioners, were extended to include 
the beach and bank of the south shore of the River St. Law? 
to high water mark, and to include both sides of the river down 
far as Bout de l’'Ile. The object of this enlargement w the 
ordination of all units of harbor development into on 

A Montreal bridge scheme, and there are several, with its possi 
bilities for industrial developments, its harbor connection: 
possible connection with the island and the south re and it 
location so near the center of the ¢ ‘ity of Montreal, offers attractive 
possibilities. The Harbor Commissioners’ construction work and 
administration have received the approval of the publie ind taking 
the point of view of navigation and other administrative requir 
ments, it is believed that they could operate this bridge in the pul 
mite rest 


Discussion 


N THE DISCUSSION which followed the presentation oi 

paper the author, replying to a question asked by W. 5. Jacobs 
regarding the unsuitability of ocean vessels for inland-waterwa 
and lake transportation, said that ocean ships were built at ver 
great cost, with very great strength, and with special features { 
The result was that they had very small rudders and i 
going into ports, locks and narrow channels, tugs wet 
invariably required. On the other hand, the lake vessel was bui 
very cheaply, with small engine power, a flat bottom, and no ke 
but with a tremendously large rudder. The result was 
could go into the Chicago River, the Buffalo River, or any lock 
the country without a tug. The cost of construction and operatic 
of the ocean vessel was so high as compared with the lak 
that it was considered that the lake ship could handle the 
type of cargo that originated in the territory between the head 
the lakes and Montreal or some other port where it would 


irried 


safety. 


docks, 


that 


transferred to the ocean vessel, cheaper thar, if it.was 
the way by ocean vessel. 

In reply to a question asked by Augustus Smith? as to whet 
the port charges for the wharf service and for elevator set 
were sufficient to defray the interest charges and operating « 
of the magnificent structures he had described, or whether 
portion of such expenses had to be borne by taxation, the aut 
said that the Harbor Commission of Montreal had been in existe! j 
for almost one hundred years and had never failed to meet 
interest charges and all cost of operation, and that usually they ha 
tidy surplus. The Commission could always get their pro, 
put through, in spite of the financial situation of Canada, the re : 
being that Montreal Harbor paid so well and had been found 
essential to the requirements of production and industry 
1906, the year after he had been appointed chief engineer ot 
Commission, the total gross revenue was less than $450,000 
the total debt almost $14,000,000, nearly half of what it was! 

At present the gross revenue was $3,500,000. 
~ 1 Treas., Walton Co., Hartford, Conn. Mem. A.S.M.E. ; 
? Pres., Bergen Point Iron Wks., Bayonne, N. J Mem. A.S.M.F. | 
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Material-Handling Problems in Pier Design 
\ Review of the Proceedings of Several Material-Handling Symposiums Held by The A.S.M.E. 
To Discuss Material-Handling in Its Relation to Port Development 


By CARROLL R. THOMPSON PHILADELPHIA, PA 
FUNNY very unportant factors influencing the plans and policy by shipping companies or stevedoring organizations. The publicly 
| Improvement and development of our ports which seem owned facilities are usually leased to private concerns and the 
preclude the possibility of substantial standardization of — direct control of freight handling is therefore not under the super- 
facilities, are vision of the port authority, which would naturally hesitate to equip 
Che control and operation of the port facilities, and its facilities with many forms of cargo-handling devices of doubtful 
Phe loeal conditions of the port efficiency, believing the installations, particularly equipment of 
which have a cireet bearing upon the character and amount — the portable type, to be a matter for the operating companies 
ght-handling equipment that are justifiable on the pier ot \ harbor authority cannot afford to invest money in freight- 


( 
" 
} 


indling machinery that may not be used—unless as a means of 

No material-handling problem is more complex than that of the idvertising the port to attract new business. Then again, this 

rring of freight between land and water carriers at the pier policy of port administration brings up the question of responsi- 
one that requires diverse consideration of every element bility for the maintenance of the publicly owned equipment 

{in the functions of a port, and as these transfer operations which is subject to more or less abuse. Pier operators in their 

the pier, the importance of its proper design, lavout, and eagerness to turn around a ship in the least possible time ofter 

pment cannot be overstressed resort to “emergency” repairs in order to speedily overcome a 

, breakdown and put the apparatus in operation while ship loading 

CONTROL AND OPERATION is under way; and these so-called “emergency” repairs are (re- 

ln some of our ports where the port administration body owns quently made by unskilled mechanics who have a very limited 

d operates the facilities there is a greater tendency to experi- knowledge of the construction and design of the apparatus, with 

nt with and develop equipment than where the freight move- the result that more damage is caused and later on serious trouble 

entirely in the hands of the pier operators. There is no is encountered and complete overhauling may be necessary. Dis- 

‘itancy in equipping the facilities with labor-saving devices putes naturally arise between the tenant and the landlord over 


cargo-handling problem is under the direct control of the the question of responsibility. With public operation this diffi- 


x commission. Accounts, cost data, efficiency records, and culty is eliminated and proper maintenance can be assured. 


roe 


untenance are under constant observation. Inefficiencies can Some of our port authorities also have functioned very success- 
immediately corrected, whether they be due to faulty equip- fully under a policy of constructing pier facilities to attract com- 
ut or to lack of proper coérdination. merce. In such a policy, however, the specific character of business 
\t most of our older ports, railroad and private ownership and that may come to the pier cannot be anticipated previous to its 


ration of facilities is more extensive than public ownership, construction, and there is the possibility of installing apparatus 
( the handling of freight through the terminals is generally done not adapted to meet such problems of freight handling as may 
ultimately arise. Under present-day conditions, steamship lines 
\sst. Director, Department of Wharves, Docks and Ferries, Phila- will not wait until pier facilities are built for their particular ac- 
phia, Pa. commodation but will seek the ports that already have them. A 
vontributed by the Materials Handling Division and presented at the port-authority problem becomes more complicated in attempting 
pring Meeting, Montreal, Canada, May 28 to 31, 1923, of Tue AMERICAN ; “eR : . : ‘ 
Society oF MecnaNicaL ENGineers. Abridged. All papers are subject build piers to suit any steamship company’s business, and port 
revision authorities properly hesitate to expend large sums for extensive 
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freight-handling machinery that may remain idle and in the last 
analysis prove to be a handicap and burden rather than an asset. 


Loca CONDITIONS 


Undoubtedly the most important consideration which enters 
into the general layout of a port and its freight-handling facilities 
is the rail and inland-waterway service. One port may be free 
from the lighterage problem, or comparatively so, while at another 
it may be practically the only means of interchange between rail- 
road car and steamship. The freight-handling problems of two 
such ports would therefore differ. In the one case transfer of freight 
between car and ship is confined almost solely within the pier; 
in the other a considerable amount of freight would not come in 
contact with the pier facilities, transfer being made direct between 
ship and lighter. With the inland waterway service, the port 
facilities must of necessity be equipped for loading or unloading 
barges, which do not as a rule carry freight equipment. 

Trade in bulk commodities may be the principal commerce of 
some ports—they may have been developed especially for trade in 
grain or other bulk cargoes such as coal and ore. The material- 
handling proposition for such commodities demands that facilities 
be designed for a particular trade. 

Coastwise trade requires a different terminal design from that 
for foreign trade. The loading or unloading of freight through 
the side ports of coastwise ships is an entirely different proposition 
than loading transoceanic ships over the side through deck hatches. 
Tidal conditions of a port are a very important factor in the design 
of a pier to be used by “‘side port” ships; wharf drops or movable 
gangways are essential for loading operations at all stages of the 
tide. In coastwise trade a great amount of local freight is brought 
to the pier by teams and motor trucks—the transportation units 
that cause the greatest amount of confusion and congestion in 
pier sheds. The upper story of a two-deck pier shed would be 
useless for a coastwise terminal operating with side-port ships. 

The character of the intercoastal commerce also influences the 
design. Local deliveries by team and motor truck are very im- 
portant factors in this trade. 

Some ports may be developing for all three of the principal 
trades—the foreign, coastwise and intercoastal. It is entirely 
feasible to construct a general cargo pier that will admirably serve 
any of these trades, although there would be features incorporated 
in the design of such a combination structure that would prove 
useless for some of the trades. For example, wharf drops, which 
are necessary for the coastwise ships, would not be used by trans- 
atlantic ships. The upper story of a two-deck pier, which is essen- 
tial in some ports for the foreign trade, would not be of service in 
the coastwise trade. A depressed wagonway would be of great 
advantage on a wide pier for either the coastwise or intercoastal 
business,fwhile the space it occupies might be used to better ad- 
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vantage for cargo area in some of the foreign trades. Wharf cranes 
might prove to be valuable equipment for loading export freight 
but a great disadvantage on a pier used in the coastwise trade owing 
to the space they would occupy. 

It would seem, then, that no one ideal plan of improvement 
would be feasible for every port and that each port must solve 
its own problem to satisfactorily meet its own conditions, taking 
all elements into account. 

In speaking of What Constitutes a Modern Port, the late B. F. 
Cresson, Jr., also considered the effect of local conditions upon the 
railroad service and pier layouts in the following statements 


Where railroad cars can be brought direct to the ship's side, piers should 
generally be built considerably wider than when the service must depend 
upon lighterage movement between the railroads and ships. 

Where there is plenty of undeveloped land it is believed that for economy 
the initial development should be of the quay type, looking forward to 
piers if the demands of commerce increase beyond the capacity of the ter- 
minal under quay development. 


Mr. Cresson also suggested zoning by trade routes as a solution 
to overcome the disadvantages of equipping piers to accommodate 
any of the general cargo trades. 


BuLK CARGOES 


Bulk cargo, such as grain, ore, coal, etc., does not 
complicated a problem in handling as the great variety of com- 
modities which form general cargo. Equipment for this class of 
cargo has been developed to a very high degree of efficiency 
erally shipments are made in full cargo lots and the equipment 
can be designed exclusively for loading, unloading, or the storag 
of a uniform product, which greatly simplifies this particular phas« 
of the material-handling problem. 
invariably handled at piers equipped and built espee 
purpose 


present as 


Gen 


Also, such commodities ar 


ially for the 


MISCELLANEOUS CARGO 


The problem of efficiently and economically handling misc: 
laneous freight or general cargo over piers is the most difficult t 
satisfactorily solve of any of our port problems; it is most compl 
and one that demands the utmost flexibility of freight movement 
It also requires the introduction of mechanical equipment. 
In dealing with the subject of freight-handling machinery « 
the pier, it must be constantly borne in mind that while the gener 
cargo shed is only a single unit in port-terminal operation, it mus 
be designed to function properly with every other port facilit 
Coérdination of the port’s various facilities must be adhered t 
Proper conception of the duties of the general cargo pier must 1m 
be lost sight of. For quick dispatch of freight between land ar 
water carriers with the many attendent problems in connectir 
with cargo, the wharf should not be permitted to perform war 
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house duties; that is another phase of the general port problem, 
ind while of very great importance to the successful operation of 
iny port, should be treated as a separate unit and coérdinated with 
the pier as well as other facilities. 

General cargo comes to the pier shed in many varieties of forms, 

zes, and weights, and packed in all sorts of containers, to or from 

multitude of consignees and shippers, and over any of the trans- 

wrtation systems entering the port. The first essential purpose 

the shed is to provide ample, unobstructed cargo deck space 

otected from the elements—for the sorting and assembling of 

s cargo for delivery to the ship, or to the railroad car or motor 

truck for removal. General cargo must be spread out on the 

| pier: it must be sorted, classified, checked and weighed, and ar- 
inged for proper sequence of loading. 

rhe run in and out of a ship for a few hours may be bagged stuff, 

next run of cargo may be boxes or cases that weigh a ton, and 

n again in the same hold of the ship there may be a class of 

ght measuring a foot or two in diameter and ten or twelve feet 

} length, and so on. In loading cargo the various consignments 

m a great number of shippers must be kept separate, while import 
yo must be handled in a specific manner for customs weighing 
inspection. This further complicates the problem. 
modern pier operation it is impracticable to tier goods to any 
great height. Dr. R. 8. MacElwee has pointed out that for short- 
storage it is not economical to pile above five feet high. 

\mple deck area is the first essential for a modern-day pier. 

iddition to the space required for cargo purposes, space is also 

led for railroad tracks—which in a modern port are as necessary 
e pier as the berth for the steamship—and considering the 
rtance of freight delivery by motor truck and team, additional 
| h of pier should be prov idcd for that purpose Adequate space 
handling all of the operations connected with general cargo 
prime factor in reducing congestion—the most serious cause 

iy and expensive handling cost. 
ry effort should be used to eliminate cbstructions to the free 
ement of freight. Where columns are required for the support 
shed structure, the number should be reduced to a minimum. 
ation of any stationary freight-handling equipment should 
efully considered, with the view of permitting the utmost 


of freight movement. 


less the wide-pier terminal with ample, unobstructed cargo 
d is constructed, the handling of cargoes of large ships can be 
only at excessive cost and considerable delay. The wide 
nsit shed with its railroad tracks and wagonways for drays and 
tor trucks has in many respects greater influence upon the 
ditious interchange of freight between marine and land carriers 
some types of freight-handling devices that cannot be properly 
pted to the disposal of the various forms of freight in the general- 
rgo trade. 
\t the meeting of the Materials Handling Division of the A.S.M.E 
Philadelphia in December, 1921, a very interesting discus- 
brought out some of the advantages of two-story pier sheds 
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Fic. 4 Center Car Tracks AND Depressep WAGONWAY ON MUNICIPAI 


Pier No. 78, Soura WHARVES, PHILADELPHIA 


Col. Fred Jaspersen explained the reasons leading up to the building 
and continued use of double-deck piers at Philadelphia as follows 


When the first pier was built on these lines, the idea was that the low 
floor would provide space for the collection of the ship's cargo 
rived at the terminal 
on the lower floor. 


whicl 
ind classific 
it was terme 


the merchandise was stored 
s left the second floor or upper deck, a 


it intervals; 


free to receive the ship’s inbound cargo. Tracks on the upper deck of the 
piers make it convenient to handle cargo from the upper deck a I 
the lower The inbound cargo is classified and loaded into cars on the se« 
floor and as soon a pace is available in the ship, the stevedores start k TF 
from the lower fl 

We have found the cost to be lower in operating tl type of 
because the placing of cargo from the ship’s hold to the upper de 
iccomplished much q ker than it could have been done if the 

irgo had been placed on the lower floor. It was found that an a 

f three drafts could ! placed on the nd floo while tu u e being ] 

rt ; I scheme permitted better distribution of the me 
nd employment of greater numbers without interfering with each othe 
which resulted in greater speed in the discharging and loading of carg 

The bulkhead shed (which is usually a one-story head hous« 


flanking the inshore end 
vantage with a more exten 


of the pier should prove to be an ad 
sive use of tractors and trailers delivering 
It will 
keep many drays and motor trucks out of the pier altogether and 
tend to reduce congestion in the pier shed. 

Large motor-truck elevators at the street end of the two-story 
pier shed that will enable local delivery to reach the upper deck 
direct from the marginal way to receive freight that has been 
discharged there, will greatly increase the usefulness of this type 
of structure. This will also avoid the necessity of many teams 
going on the first deck of the pier. 


freight to loading platforms of the shed along the street. 


RAILROAD TRACKS 


The solution of securing the quickest dispatch of freight between 
railroad car and ship is to run the tracks directly on the pier. Ds 
pressed tracks (Fig. 4) in the center of the pier form a natural barric1 
to separate cargo space allotted to each steamship berth and in 
a sense divide the pier in half, which is a distinct advantage when 
the pier—or the double pier, as it might be called—is leased to 
two steamship lines. Two tracks are essential, one for each berth; 
but in the case of a pier long enough to accommodate two or more 
ships on each side, one additional running track along the center 
or three in all—with crossover connections to the other two about 
midway in the length of the pier, is desirable to permit of car ser- 
vice to the outshore berths without interfering with cars assigned 
to, or interrupting the loading or unloading opposite, the inshore 
berths. Furthermore, the center location of tracks in an emer- 
gency, or when one side of the pier is not in use, will permit cars 
on all the tracks to be loaded or unloaded with freight from the 
steamship berths on either side of the pier by merely trucking 
through one line of cars after they have been properly spotted. 
Another advantage of center tracks is that they permit loading or 
unloading of cars under cover of the pier shed. In connection 
with these tracks, it is also desirable to provide a means of attach- 
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Fic. 5 Depressep Apron TrAacK ON Municipat Prer No. 78, Sour 
Wuakves, PHILADELPHIA 
ing tackle equipment to the overhead structure to facilitate the 


loading or unloading of heavy parcels of freight from open or gondola 
Many similar accessories of this character will add greatly 
to the economy of handling freight in the pier shed. 

Apron tracks outside of the pier shed are always desirable, but 
where the pier width is limited it is questionable whether the 
covered cargo-deck area should be reduced to permit of their in- 
stallation not apron tracks for 
loading or unloading heavy commodities direct between car and 
ship may be far less serious than the congestion and confusion 
that would result from the restricted cargo-deck area in a 
pier shed. 

Some difference of opinion exists as to whether apron tracks 
should be depressed or laid flush with the pier deck. 
the loading or unloading between ship and cars on the outside 
tracks is concerned, there is no particular advantage in either 
method. On the other hand, while the loading or unloading be- 
tween ship and pier deck is underway, the tracks should be clear 
of cars, and this would lead to the belief that the tracks should be 
flush with the pier deck, in order to provide a deck-level place of 
deposit over the entire width of the apron for the drafts of cargo 
and also to facilitate trucking in and out of the shed. However, 
in the case of depressed tracks (Fig. 5), the sunken area outside 
the shed is not a very serious handicap if a platform space not 
less than 6 ft. in width and flush with the main pier deck is provided 
between the sunken pit and the pier shed for the handling of drafts 
of cargo. In any event, portable platforms laid across and spanning 
the width of the depression, in line with the loading operations, 
will provide the deck-level apron for its full width when required. 
The one great advantage of the depressed apron tracks is their 
use for bringing freight to the pier, or vice versa, when the berths 
are not occupied by the ships. When apron tracks are installed 
they not only can be, but invariably are, used to the greatest 
extent for transporting car shipments to and from the pier when 
the ship berths are unoccupied. In fact, their use for this purpose 
seems to greatly exceed that for loading direct between car and ship, 
and the importance of the car floors’ being level with the main pier 
deck is obvious and offsets the slight disadvantage of a partially 
depressed apron for ship-loading operations, which may be readily 
overcome to a considerable extent, as discussed before. 

For unloading or loading open cars on the apron tracks, the 
equipment installed on the pier for loading the ship would be 
available. 


cars 


The disadvantage of having 


harrow 


So far as 
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VEHICULAR TRAFFI 





The other means of bringing goods to and from the piei, par- 
ticularly the local deliveries, is by motor truck and teams. Ordi- 
narily they cannot be confined to any particular location on the 
cargo deck, a line of travel 
adjacent to the center car tracks, especially if the same entrance 
to the pier is used for both teams and cars. 


although the tendency is to follow 


Congestion caused 
by dray s and trucks could be reduced to a great extent by construct 
ing bulkhead sheds, as discussed before 

Where the pier can be built wide enough, a depressed wagon 
way (Fig. 4) extending into the shed about three-fourths of the 
pier length will greatly facilitate team and truck delivery to an 
from the pier It will not only keep many teams off the cargo deck 
but will permit loading or unloading of these units from a carge 
deck built at wagon-floor height. 

Another distinct advantage of the depressed wagonway, pa 
ticularly with respect to a pier long enough to berth two or mo 
ships, is that it affords a means of team traffic reaching the outshor 
berths without interfering with the working of freight on the carg 
decks at the inshore berths. One car track laid along each si 
of such a wagonway will preserve the desirable feature of cent: 
tracks—the tracks thoroughfa 
for teams to reach the cargo decks at the outshore berth. Whe 
these tracks are not occupied by cars, either totally or partial 
With a layo 


car space between affording a 


the teams can back up to the cargo-deck platform 


of this character, however, it is essential that the pier be not on 
wide enough to accommodate the depressed wagonway —du 
the fact that the space Can be used for no other purpose—|! 


also, it must be wide enough to allow apron tracks to be install 


because the two tracks in the wagonway extending only tl! 
quarters of the length of the pier will not permit of s ifficient 
service on a four-berth pte 
LOADING AND DISCHARGING SHIPS 

The importance of quick loading and unloading of ships, w 
in turn results in quick turn-around, cannot be overestim 
and any improvements in the existing methods that will 
same time satisfactorily meet the many complexities involve 


handling freight at a general-cargo pier, will be a step in thi 


direction and one that will be welcomed. 
As a rule, any discussion of loading or discharging general « 


centers around the efficiency of ship's gear in comparison with w 
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hip’s berth, continuous door openings should be proy ided 
the full length of the pier, and of a height sufficient to form 
terference with the operation of the ship's gear. Generally, 
found that a clear opening of door height should be not less 
20 ft. for the first story. In the second story of the pier shed 
height may be reduced, and door openings in alternate bays 
ild provide sufficient access to the second deck for loading or 
I ding operations. 
‘vemote-control, portable electric dock winches at some piers 
are desirable for furnishing power to supplement the ship's gear, 
although cases are known where pier operators have requested the 
port officials to remove publicly owned winches from the piers on 
account of the space they require. 
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| i { il whether t e will disp \\ ! 1! y 
the ship’s gear for handling gene? 20 unt e opera g e shiy geal it their e | 
mic advantages of the crane } een demonstt dl ( questioned. The pier must be bu ! 
iperior to the ship’s winches by results of actual tests of ea support and free operation, and unless the speed of ship loading 
| eonducted under working conditions dischar g luced, it is doubtful if they are able to control 
> rear forms one ol the most flexible methods now ! l inv 1 re ol tine vy] il irea than the ships veal \ wide pro! 
vill meet all of the requirements for ship loading. It has 1ECESS des s il operation is required to avoid 
tinct advantage of being located on the ship and not on the the ship's rigging. One drawback to providing wharf cranes 
here space is valuable for other purposes. Its use is well overed general-cargo piers is the high cost of installation 
tood and it can be worked over a harrow apron, thus per- mamtenance nother! in some cases is the additional yidti 
ng a Maximum area of the wharf to be covered over pre! t] ecessal or tne om ration 
Cargo masts on the pier will greatly increase the flexibilitv of In the case of a pier where aprol tracks are built outside 
g with ship’s gear in that it can operate by ‘“Burtoning” hed, it be good | to design the foundations and the supe: 
i wide apron or when the ship is breasted off (Fig. 6), and also — structure for the future 1 stallation of semi-portal cranes, in 
i greater length of the pier apron. The initial cost of cargo event of their u being warranted. 
is small and there is practically no maintenance expense Other methods of loading ships, such as the portable conveyvul 
re 1s nothing to get out of order. systems, have proven successful at some of our West Coast ports 
I designing the side construction of a pier superstructure to or tu cargoes ot a unlorm character such as bagged flour, but 
it of loading operations to be conducted at any point along it is very doubtful if stevedores would set up such machines fon 


loadn ha parcel lot and t] en turn to the ship’s gear or cranes Io! 
The Mail 


objection to any equipmeée nt of this kind is the room it takes up ol 


other freight that could not be handled on conveyors. 
the pier when pot in use, and also the necessity of changing to other 


kinds of equipment in loading miscellaneous cargo. 


Freticght HANDLING WITHIN THE SHED 


The first essential for the economical movement of freight in 
the transit shed is a large area of unobstructed cargo-deck spac« 
Stationary or semi-stationary equipment will generally prove to 
be obstructions in the way of flexibility of movement. Speaking 
on this subject, J. A. Jackson has said: 


Industrial trucks and tractors with trailers provide to the fullest extent 


2 tem 
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that extreme flexibility so necessary and desirable for cargo handling on 
piers, the industrial truck being the more flexible of the two. If sufficient 
aisle space can be provided the tractor train is more desirable as it can 
handle a ton at lower cost than an industrial truck on account of the lower 
labor charge and due to the fact that the tractor—representing the major 
part of the investrnent—can be kept almost constantly at its legitimate 
work of hauling if sufficient trailers are provided. 

The loading and unloading of trailers and trucks is still a job for manual 
labor and it must be admitted that in respect to this one problem the old 
hand truck has about everything beaten. It is for this reason that for 
very short movements the hand truck can make a better showing than either 
electric trucks or trailers. 

Other methods such as overhead traveling cranes and _ telpher 
systems usually can operate only within certain restricted areas, 
particularly in two-deck structures where necessary columns form 
an obstruction, and the various movable units of either of these 
systems will invariably interfere with each other. Furthermore, 
the portable equipment before mentioned—in the event of its not 
proving satisfactory either generally or for particular purposes 
does not represent an exorbitant initial cost and can be very readily 
removed from the pier if it proves to be unsatisfactory. 

For interchange of freight between the first and second decks 
of a two-story pier shed, the large standard platform elevator 
and the automatic elevator and lowerator for handling packages 
of the size and weight for which it is particularly adapted, 
are the best means of communication; however, in the case of lower- 
ing goods from the second deck to the first, full advantage should 
be taken of the gravity type of equipment, such as chutes. In 
this connection it is believed that the straight chutes possess 
more advantages than the gravity spiral conveyors; in that the 
entire operation of lowering freight can constantly be seen by the 
operator stationed on the second deck. 

Many other minor details in the design of piers, if given proper 
attention, will facilitate the general freight movement in the pier 
shed. 

If the overhead girders and roof trusses are designed to allow for 
a moving load of, say, three tons at any point along the bottom 
chords, there need be no alarm over lifting occasional heavy loads 
from the pier deck level by means of tackle attached to these struc- 
tural members; swivel tackle links built on them for such purposes— 
particularly over the railroad tracks—will prove very helpful in 
saving time in rigging tackle and at the same time result in such 
attachments being made to the structure at points where provision 
has been made in the design for it. 

This particular allowance for loading in the design of the pier 
would also provide for future installations of overhead mechanical 
equipment that might prove serviceable in specific cases. 

Tackle links built along the stringpiece of the apron will permit 
of easy tackle attachment to the pier for ship-loading operations 
with dock winches and will also go a long way to prevent lashing 
to columns, which invariably results in bent and battered door 
guides. 

Links built in the side walls of depressed car pits have proved 
to be valuable for moving railroad cars with dock winches or 
other power equipment. 

Dr. MacElwee, in a very commendable discussion on The Rela- 
tion of Wharves and Warehouses in the Economical Handling of 
Materials, compares the advantages and disadvantages of terminal 
freight movement in ‘‘the pier and warehouse system’”’ with “the 
quay and warehouse system,” and offers the huge pier, or ‘quay 
pier,” with its transit shed, warehouses, teamway, and railroad 
tracks as a solution of our water-front terminal problem with respect 
to the handling of “general’’ cargo, its chief advantages being the 
decrease in congestion and the shorter trucking movement. 

The adoption of the wide transit shed, with its large, unobstructed 
cargo-deck area—whether the terminal is of the pier, double-pier, 
quay or quay-pier type—is obviously the fundamental essential 
for a successful and economical terminal facility for handling 
general cargo, and also the feature that will sooner or later permit 
of more extensive freight handling with mechanical equipment. 

The success of any mechanical means of improving our freight- 
handling problem will be dependent upon the whole-hearted co- 
operation of all those who have any connection with terminal oper- 
ation: the mechanical and electrical engineer must play just as 
important a part as the stevedore, the railroad or steamship oper- 
ator, the port authority, or the terminal engineer. 
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Discussion 


G. F. Nicholson! wrote that on the Pacific Coast freight was 
handled direct to and from vessels, and while gantry cranes, shearleg 
derricks, and locomotive cranes were used to handle large-tonnage 
export commodities such as lumber, iron and steel, both in the raw 
and manufactured state, when it came to handling imports con 
sisting of boxed, baled, and sacked goods, light portable equip 
ment such as tractors and conveyors were employed. 

Ports like that of New York, where a large barge and lighterage 
business was carried on, should be well equipped with cranes, the 
straight-line roof type being the best for such work. 

In addition to its heavy handling equipment the port of Seattk 
had a varied assortment of light portable equipment consisting o! 
electric and gasoline tractors and trailers, incline conveyors, stack 
ing elevators, etc. With a view to improving their service tl. 
port authorities were now constructing a ship-cargo telescopi 
conveyor which they had designed themselves, and it was expecte: 
that this machine would handle boxed, baled, and sacked good 
weighing up to 500 lb. per package twice as rapidly as the equiy 
ment now used for that purpose. This conveyor, shown in Fig. 7 
it was believed, would do away with the use of slings and the damag: 
often resulting therefrom; permit of much better sorting of carg 
to the hold of the vessel, as it could be handled by gravity cor 
veyors to the main conveyor equipment; increase the speed « 
handling, as a continuous line of freight would be transferred fro 
the hold of the vessel to the pile on this conveyor equipment; an 
reduce the cost of handling freight, as it would be carried to it 
destination on the wharf by the conveyor without rehandling 

J. A. Shepard,’ who opened the oral discussion, called attention t 
the fact that one of the greatest difficulties in connection with mate 
ials handling today was the lack of adequate cost data. His matu 
opinion regarding the application of machinery to the handling « 
miscellaneous cargoes was that it could be made sufficiently flexil 
and could be installed in moderate but sufficient variety to me 
all of the reasonable requirements of miscellaneous cargo handling 
Too little had been said about cargo-handling machinery in t! 
pier shed, which Mr. Shepard believed was destined to exer 
perhaps a greater influence on the total economy than the use 
machinery outside the shed. The traveling crane, able not o1 
to hoist its load but to travel in all directions and cover absolut: 

a large area, he predicted, would in course of time be the solut 
of the handling problem within the pier shed. 

H. E. Birch,’ referring to the unloading of incoming freight 
the upper deck of a double-deck pier, asked whether the cost 
rehandling that freight on to the cars on the lower deck was tak 
into account; also what influence the type of stevedore lal 
available in any particular port had on the selection of the types | 
of machinery or pier design. 

Augustus Smith‘ said that the box car was a tremendous obstac| 
to any practical crane system, and a great step forward had b 
taken by the New York Central recently with its container « 
The railroad rate system was based on the weight and value 
freight and was unscientific. If it were orly possible to have it 
based on the cost of handling, it would be easy to induce, throug! 
the Inter-State Commerce Commission, the roads to recognist 
convenient sizes of packages; and if manufacturers and shippers 
could be prevailed upon to use standard containers by a freig!it 
differential in their favor, a long step forward would be take: 
facilitating the handling of such freight. 

H. V. Coes,® chairman of the Materials Handling Division, 
presided over the session, said that in his opinion, it ought to be 
possible, with the use of high-grade steel, to build a freight car 
from which the roof could be lifted; this would permit the use of 
containers of larger size and the tiering of freight, and immediate!) 
open up the use of cranes or other material-handling devices. It 
would also make loading a great deal easier than it was at the present 
(Continued on page 569 
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The Determination of Chimney Sizes 


By ALFRED COTTON,' ST. LOUIS, MO. 


In this paper the author presents a simple and orderly system, based 
n accepted characteristics, for determining the sizes of chimneys. He 
has found that certain essential relations exist belween capacity, draft, 
liameter, and height when connected in the manner described in the text. 

Under any specific conditions there is a definite static draft for a given 
height and a definite ‘‘maximum capacity” for any given diameter. These 
re connected by a fundamental curve which is applicable to all chimneys 

nder all conditions. 

Charts are provided which give the static draft and maximum capacity 

himneys up to 500 ft. high and 25 ft. diameter, from which the working 
raft and capacity are found by means of the fundamental curve. Other 
harts give factors for various atmospheric temperatures, for altitudes; 
for approximate work based on boiler horsepower. A problem is 


orked out to facilitate an understanding of the system 


lr IS PROBABLE that no engineering subject is in such a 
| aotic state as that of chimneys. While much excellent 
vork has been done and many formulas, tables and charts 
heen prepared, chimneys are nevertheless usually designe: 
ile of thumb, and there are plenty of cases where their perforn 
either much greater or much less than was expected. 
believed that the method of proportioning chimneys out 
what follows has the merit of giving definite sizes whi 
free from conjecture, in a very simple and consistent 


DESCRIPTION OF THE METHOD 


t to consider the available draft at the chimn« 


eniel 


—— 
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Fraction of Maximum Capac ty 


RELATION OF Drarr FRACTION TO CAPACITY FRACTION (AVAILABLE 
Drart Ratio) 


is being the static draft less the draft lost by chimney friction 
by acceleration of the gases, and this must equal or exceed 
draft necessary to operate the boiler, ete. 
Che statie draft is the vacuum prevailing under an imaginary 
dition when no gases are flowing. It is an absolutely definite 
intity for any given circumstances and forms the starting point 
this method. 
(he chimney friction varies as the square of the velocity of the 
If the velocity is progressively increased, a point is reached 
re the chimney friction is equal to the static draft. This is 
maximum capacity,’’ and it is just as absolute and definite 
iantity for any given circumstances as is the static draft from 
ch it is determined, and it forms the end point of the method. 
(he draft loss due to chimney friction is in direct proportion 
the height of the chimney. So also is the static draft. If we 
ible the height of the chimney, we double both the static draft 
| the draft loss, and the maximum capacity is unaltered. 
Since the chimney friction increases as the square of the velocity 
the gases, the resulting curve is a parabola in all cases. This 
rve is presented in Fig. 1, and relates the load expressed as a 


'‘ Chief of research department, Heine Boiler Co. Mem. A.S.M.E. 

Contributed by the Fuels Division and presented at the Spring Meeting, 
‘tontreal, Canada, May 28 to 31, 1923, of THe American Society oF 
‘LECHANICAL ENGINEERS. Abridged. All papers are subject to revision. 
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fraction of the maximum capacity to the available draft expressed 
as a fraction of the static draft. This is a fundamental curve which 
applies to all chimneys at all temperatures of gases and of the atmos- 
phere and at all altitudes. 


Sratic DRaFtT 


l'igs. 2 and 3 give the static draft for chimneys 100 to 500 ft. high 
at sea level dealing with gases up to 1200 deg. fahr. in temperature 
when the atmosphere is at 60 deg. Another chart in the complete 
paper deals similarly with chimneys from 0 to 100 ft. in height 
lig. 4 gives factors with which to multiply the static draft found 
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marked with mean temperature of gases in chimney in deg. fahr 











Fie. 3 Sraric Drarr or CuHIMNeEys FROM 300 To 500 Fr. High wirn Gas 
TEMPERATURES FROM 100 To 1200 Dea. Faur. at Sea LEVEL witne ATMos 
PHERE AT 60 Dea. Fanr. 


Curves marked with mean temperature of gases in chimney in deg. fahr 


from Figs. 2 and 3 to obtain the static draft for atmospheric tem- 
peratures other than 60 deg. 


TEMPERATURE OF GASES IN CHIMNEY 


The author’s article on Loss of Heat in Brick Chimneys, pub- 
lished in Power Plant Engineering, Aug. 1, 1921, and which forms 
an appendix to the complete paper, includes some curves of tem- 
perature drop. These lead to the factors of Fig. 5, by which the 
mean temperature in the chimney may be found. 

ALTITUDE AND Static Drarr 

The static draft at any barometric pressure B in inches of mer- 
cury is that at sea level multiplied by B/30. If the same load is 
to be carried at altitude as would be carried at sea level, then the 
same weight of gases must be dealt with. Since the density of 
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by the gases is less, their velocity must be higher, and the height of 
1.1] chimney necessary at altitude to provide sufficient draft to do th 
1¢ same work as at sea level, will be the sea-level height divided by 
B/30)*, or multiplied by its reciprocal which is given in Fig. 6 
ro’ MIAximuM Capaciry 
Menzin, in his paper on Proportioning Chimneys on a Gas Basi 
¢ Trans. A.S.M.E., 1916, went so carefully over all the availabl 
+ data on chimney friction that the formula he presented has beer 
ni used, lig 7 vives the MAaXxinuMmM capacities of chimnevs trom 
re" v 
0 a 
T y¥ Vases De Fat 
Fig. 4 RELATION OF Static Drarr oF CHIMNEYS WITH TEMPERA RES 


oF ATMOSPHERE FROM O To 120 Dea. Faur. ro Tuat at 60 Dea. Fat 


(Curves marked with temperature of atmosphere in deg. fahr 
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" _ : ppropriate factor read from Fig. S$ when the atmospheric 
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CHIMNEYS rature is other than 60 deg ih 
PROCEDURE (Masonry Chimney It is convenient to assume that thi elocity ot the gases rem 
\ observed temperature of atmosphere constant Then the maximum pacity at altitude is that aft 
observed temperature of gases entering thimney ’ ’ , 1} 7 
: hy 
percentage appropriate to diameter and height as read from chart level n ultiplied by B/30 
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ently stated as draft loss, and curves showing this draft loss at 
naximum capacity for each diameter have been drawn in Fig 9, 

different temperatures. Other charts in the complete paper 
overs the range for diameters of from 0 to 10 ft. The fraction 
f the draft loss for any desired fraction of the maximum capacity 
+ the same for all maximum capacities. Fig. 10 gives this fraction 

Che draft loss at sea level multiplied by B/30 gives the draft 
ss for altitudes 

AVAILABLE DRrar' 


Inter Fig. 1, with the ratio of available draft to static draft, 
d read the fraction of maximum capacity. Divide the required 
eight of gases by this fraction and use the resulting maximum 
pacity to find the requisite diameter 
id the maximum capacity and state the required capacity as a 
Divide the required draft by the fraction read from 


Or with given diameter 


raction ot it. 





























a 8 10 12 4 16 B 20 22 
Diameter in Feet 
) Drarr Loss Due to AccELERATION oF GASES AT Maximum 
'Y OF CHIMNEYS FROM 5 TO 25 Fr. In DIAMETER WITH TEMPERATURES 
oF Gases FROM 100 To 1200 Dea. Fanr. at Sea Lever 
marked with mean temperature of gases in chimney in deg. fahr 
4. | and get the equivalent static draft. Add the draft required 
} » . ° » . 
celerate the gases and read the height of chimney from Fig 
ig. 3. Several combinations of height and diameter can be 
(lor any circumstances very quickly 
Drarr REQUIRED 
The draft required at thé base of the chimney is made up as 
] ° 
LOWS: 


| Vacuum Over Fuel Bed. Fig. 11 shows the vacuum required 
the furnace chamber for burning various fuels. 


The values are 
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lair averages which accord with the author's experience with reason- 
ably clean fires when hand firing and with average conditions of 
stoker operation. The broken-line curves were kindly supplied 
by Mr. Thon \. Marsh, Mem. A.S.M.E. With foreed draft, 
t Vacuum over the fire of about 0.1 in. should be maintained 

2 Draft I Through Boil 


curve should usually 


Setting \ 











based on some proportion 
ised 

orizontal, diagonally baffled, 14-high 
13 per 


ugh a | 


bitumimous coal with 


] ) 


alteration in the amount of excess air as indicated 


boiler burning cent of 


gases is given in Fig 


Lhe efttect ol al 


tion of COs in the flue gases is shown approximately 
13 
e sufficiently accurate for the present purpose 


e propo! 


by the curves drawn in Fig Precise factors are not possible, 
he 
be multiplied by the 


at some other pers 


but these ar 
(raft loss for any percentage of CO, is t 
lous 


ppropriate factor to find the draft 
t COs. 

3 Draft Loss Througl 
little draft loss through the damper, the damper being not 
open, as a factor of safety. But this is quite unnecessary with 
the method of treatment being described. Of 
ill-designed plants there may be a real draft loss through the dampet 
frame owing to its being too small, or through the damper’s causing 
serious distortion of the stream lines when fully open. 

$ Draft Loss Through Flues. The draft loss through flues is 
commonly taken as 0.1 in. of water for each 100 ft. of length and 
(0.05 in. for each right-angle turn. This value results in the curves 
of gas weights and velocities of Figs. 14 and 15 for a temperature 
of 540 deg. and for rectangular flues whose sides have a ratio of 2: 1 
Other figures in the complete paper give factors for finding the 
weight and velocity at other temperatures for the same draft 
loss, and the effect of the shape of the cross-section of the flue. A 


ntage 


Damper. Some may prefer to allow a 


fully 


course, In sor 
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further development results in the curves of Fig. 16 which are based 
on the gas weights of Table 1. 


TARLE 1 WEIGHT OF FLUE GASES PER BOILER HORSEPOWER 


Conditions Pounds of gases 
per hp. 
Coal, natural draft 90 
Coal, forced fraft 60 
Natural gas.. 60 
sack n'a ; 45 
Blast-furnace gas ; 100 


The loss due to elbows is generally assumed as 0.05 in. for right- 
angle turns whose inside radius is not less than the width of the flue. 
The effect of different 












“Ss SERRE EKe amounts of excess air on 
2 | rT Ty] | “e the draft loss in flues is 
tata |. ia J the same as for the boiler 
£ 08) ott t { setting as shown by Fig. 
| | | 9 
ee + = 18. 
E 04; | rt i | WeIGuT or GASES 
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5 00 wBet a | | The weight of gases to 
e*'s0}4«(«120~—Stis«GOsi‘i SC2Ssi«iKs«éCS@R~SC=és ee dealt’ with from any 
Load in Percentage of Rating given fuel depends upon 
Fig. 12 Drarr Loss THRovaH Diagonatty the proportion of excess 


BAFFLED BorLer 14 Tuses HIGH WITH air. It is convenient to 
SUPERHEATER, BuRNING Bituminous Coat calculate the weight of 
WITH 13 PER CENT OF CO: IN FLUE Gases, gases with different pro- 


AT Sea LEVEL : : 
portions of excess air per 
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Percentage of CQz in Flue Gases. Bituminous Coal. 


Fic. 13. Revative Drarr Loss THROUGH BoILERS BURNING BITUMINOUS 
CoaL WITH VARYING PROPORTIONS OF Excess AIR AS INDICATED BY THI 
PERCENTAGE OF CO: IN THE FLUE GASES 


pound of “combustible.” Any percentage of refuse, including 
unburned coal going to the ashpit, can then be used to find the 
weight of gases per pound of dry coal or of coal “as fired.” The 
efficiency of the boiler and furnace will determine the weight of 
coal per horsepower or per unit weight of steam, and the weight 
of coal to be burned can then be found. 


InpUcED Drartr 
Chimneys for induced draft are computed in exactly the same 
manner as in other cases. Since it often happens that loads are 
increased later owing to the ease of doing so with induced draft, 


it is advisable to allow at least 0.2 in. of available draft at the fan 
discharge. 


APPROXIMATE SIZES 


Fig. 17 is drawn for a working capacity of 30 per cent of the 
maximum capacity. The natural-draft curve is computed at 
90 lb. of gases per boiler hp., the forced-draft curve at 60 lb., and 
the oil-burning curve at 45 lb. 

Fig. 10 shows that at 0.3 of maximum capacity the draft loss 
due to acceleration of gases is 0.09 of that at maximum capacity, 
or, say, 0.10 for use in this approximate way. Fig. 1 shows that 
the available draft at 0.3 of maximum capacity is 0.91 of the static 
draft. Therefore the draft required at the chimney base divided 
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by 0.9, for this approximate work, and added to the draft loss due 
to acceleration of gases gives the required static draft. The neces- 
sary height of chimney can then be directly read from Fig. 2 or 
Fig. 3 after making due allowance for temperature drop with the 
aid of Fig. 5. 

The accuracy of the results depends only upon that of the con- 
stants. For all ordinary cases only a few of the charts are used, 
and it is an exceedingly simple matter to solve any problem 

CHIMNEY Srupy 

A central power station is to have groups of four 1400-hp. boilers 
to each chimney. The boilers are to be 14 tubes high and are to 
carry peak loads of 300 per cent of rating when the exit gases will 
be at 640 deg. Forced-draft stokers are to burn bituminous coal 
of known analysis with 30 per cent of excess air. 

An approximate idea of the chimney is first arrived at. The 
total horsepower to be handled is 16,800, for which a diameter 
of 16 ft. is read from Fig. 17. 

The draft required at the base of the chimney is found to be 
1.55 in., made up of 1.3 in. draft loss through boiler (from Fig. 12), 
0.15 in. draft loss through the flues, and 0.1 in. vacuum over the 
fire. Dividing this by 0.9 gives 1.72 in. as equivalent static draft 
to which is added an assumed 0.1 in. for acceleration of gases, 
making a total static draft of 1.82 in. Assuming a mean tem- 
perature of chimney gases of 550 deg., a height of 270 ft. is found 
from Fig. 2. 

The combustion data for the coal are worked out and the total 
weight of gases per pound of combustible found. Using the pre- 
dicted boiler and furnace efficiency, the weight of combustible 
per hour is found and then the weight of gases per hour. Tabulation 
of data is then commenced as in Table 2, using a number of diam- 
eters above and below the first approximation. The first approx 


44,—+— 


Second 


Feet per 








{ _. es ss Ba a I 9 
49 20 40 60 80 100 120 40 160 130 = 00 
Area of Flue in Square Feet 
Fic. 14 WorkinG Capacity oF RECTANGULAR FLUES FROM O TO 200 Sq 


Fr. in Cross-SecTioNaAL AREA WITH Sipes IN Ravio or 2:1 with Gases 
at 540 Dea. Fanr. at Sea Levet, Givine a Drart Loss or 0.1 IN 
WATER PER 100 Fr. or LENGTH 


mation of heights appropriate to the listed diameters is given 1) 
column 7 and is made on the assumed mean temperature and ga 
acceleration loss. A close determination is now made of mean tem 
perature in accordance with each combination of approximate heigh' 
and diameter and of the actual loss due to acceleration of gas 
This leads to a new series of heights as entered in column 15. A 
curve of heights as in column 15 is now drawn against the diamete: 
of column 1 as the full line of Fig. 18 and simplifies the final choic: 
Such a curve shows the practical limits at each end of the seri 
very decidedly. 

It was pointed out by Deinlein that of a series of possible chin 
neys, the one whose product of diameter by height was the smalles 
would be the least expensive. These products are entered in colum: 
19 of Table 2 and their curve drawn in Fig. 18 as the broken lin 
The lowest point in this curve occurs at 14 ft. 6 in. diameter wher 
the height is 289 ft. The author is indebted to Mr. George H 
Gibson, Mem. A.8.M.E., for this information. 

A problem frequently met with is that of modernizing an¢ 
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increasing the steaming capacity of a plant while using the existing 


chimney. 
A curve of exit gas temperatures is first drawn and then a curve L\\ 
of the corresponding mean temperatures of the chimney gases as \\ 
in Fig. 19. These are used to determine the characteristics of the \ 
himney as in Fig. 20; and as this is based on weight of gases, it ? 
must be related to Fig. 19, which necessitates a curve of gas weight 5 
per horsepower depending on the curve of efficiency. The draft ~ “Lala 
through the boilers is determined and plotted. The areas and " : > 2 ee ee — = eo 
irrangement of flues are carefully examined because desirable re- | 3 Ol Drake + SA Re Ie ee 
luction of their draft loss can usually be made by redesigning them. , | | ("orc io 7 OR 
[he predicted flue draft loss added to the boiler draft loss and to : Se ta Pe i mee sea. SS Oe eS a 
e vacuum necessary over the fire, will enable the curve of draft 5 2] = te en a 
equired at base of chimney to be drawn as in Fig. 19. With 
he mean temperature of chimney gases, the static draft for different ss 
idings is read from Fig. 2 and plotted 
Fig. 16 Area or RecTANGULAR FLUES IN Sq. IN. PER D ‘VELOPED Horst 
POWER WITH SipEs IN Ratio oF 2:1 Waicn Witz Give a Drarrt Loss oF 
0.1 IN. or Warer veR 100 Fr. or LeNorH at Sea LEVEL 


The fraction of static draft for different fractions of maximum 
capacity is found from Fig. 1, and the equivalent draft for eaci 
percentage ol boiler rating noted The loss due to acceleration 
then found and deducted therefrom, leaving the available 
draft at the base of the stack at each percentage oI rating at which 


Ol Gases 1s 





























a. ne , : the boilers might be worked. Curves are then drawn of thess 
Area of e in Squore Feet ivailable drafts as in Fig. 20. The draft required at different ratings 
is read from Fig. 19 and enables the broken-line curve of maximum 
Wo 3; CAPACI or Ree 1 : UES ‘ 00 To 600 S : te , ° ‘ . ‘ 
RKING CAPACITY OF RECTANGULAR Fi on a ate ee ee chimney load at different boiler-rating loads to be drawn in Fig. 20 ‘ 
( rnoss-SecTIONAL AREA, WITH SipEs IN Ratio oF 2 : 1 with Gases TI ; 1] hich tl hi ‘ll t diff , 
Dec. Fanr. at Sea Leven. Grvine a Drart Loss or 0.1 IN. o1 e a lal p. which the chimney Will Carry a di eren 
WATER PER 100 Fr or LENGTH wiler ratings is obtained by dividing the total gas weights of 
7 Fn regen greenpnneepenepemnpenneyres ' _ sons regeerigmeangretmnpenemnpaaneiiinigssigstaiegsnemansatniage = 
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17 WorkinG Caracrry or CHIMNEYsS FROM 5 TO 25 Fr. 1n Diameter, BASED ON BoiLer Hp. with ArmoseuEeReE at 60 Dea. Fan: 
aT SEA LEVEL 
(Maximum capacity 95 per cent of maximum capacity with mean temperature of gases at 900 deg. fahr. Working capacity = 30 per cent of 
maximum capacity (or 28.5 per cent of maximum capacity at 600 deg. fahr Weight of gases = 90 Ib. per hr. for natural-draft coal, 60 Ib. per hr 
for forced-draft coal, and 45 Ib. per hr. for oil, per boiler hp.) 
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lig. 20 by the gas weight per hp. of the curve of Fig. 19. Toshow which was a correct procedure. Curves were presented in the 
this more clearly, the curve of Fig. 21 may be drawn. This curve paper to show the relation between mean temperature of stack 
emphasizes how the chimney capacity is governed by the draft gases and temperature at base. These curves were based on ex- 
loss of the boilers and flues. If the flues were enlarged, the chimney periments made at the Massachusetts Institute of Technology 
apacity would be greatly increased. This curve also shows that and still more recent ones at Johns Hopkins University. Professor 
the eapacity of the chimney is increased enormously if the boilers Smallwood could not speak for the former, but having himselt 











are run at low ratings owing'to the much lower draft loss at low loads. conducted the latter experiments, he wished to emphasize the fact 
that the temperature gradients obtained had been influenced 
oi ar aa a oo a i a Se Oe oS ie T 14700 not only by air infiltration through idle boilers but by leakage at 
the joining of the breeching and the chimney. This possibly 
320 14600 accounted for the rapid temperature drop of the gases upon leaving 
| the breeching, as shown by Figs. 2, 3, and 4. As had been pointed 
. a” out in the report of the Johns Hopkins tests, it was absolute! 
* 500 | 490 ‘ essential for correct chimney design that the mean stack-gas ten 
eo 1 perature be calculated with some degree of precision, and that loading 
E2 14400 of the chimney by cold air be prevented. If the author had given 
ra as the Johns Hopkins tests much weight, his results would possil 
+ 26( 143( a he more applicable to chimneys leaking air at the base than to tl 
|_| tightly sealed chimneys of modern large power plants 
oan |e 00 Professor Smallwood questioned the author's statement that the 
ts | = maximum capacity of a chimney was independent of its height 
| ri we | | : lhis might be true if the stack gases would only remain at a constant 
2205+ 2. 2 ha Ce ' 8 197 20" 00 temperature; as a matter of fact they inevitably decreased, radiat 
Diameter in Feet. ; 
Fic. IS) Cuimmney Srupy Givine A Serres oF COMBINATIONS OF HEIGHT + sf nz 
AND DIAMETER a oe oe ee 
The requirements may be met by reducing the excess air, by rr) Ee 1 Seo 
improved methods of firing, by installing induced draft, or by | | 
adding more boilers and running at lower boiler ratings. The Bena | | | 
first and last methods increase boiler efficiency and save coal, while A 
the second method increases the coal consumption by running at ee a : [i a 
higher boiler ratings where the efficiency is lower. rt Tt 
Other examples are given in the complete paper which show that = az a a al 
the system is as well adapted for finding approximate but reliable 55 ‘an a ak OR ae :— 
chimney sizes as it is for making more accurate studies of chimney + ee ‘ 
characteristics for large and important plants such as the on £50} a> aa +6 Gast per 
mediatelv “ECE a st Tomped Se 
immediately preceding. (00+ t—Mean<l a 
Discussion 
} s - + MO 
T# E discussion was opened by the reading of a communication ie eal | 
from Julian C. Smallwood! in which he pointed out that th | | totic Draft of Chimney | be 4 
author’s method was an elaborate structure based on two slender | | tA a re 
supports, namely, Menzin’s coefficient for frictional resistance in Bor r+ Pp get = aos tt T | 
chimneys, and the author’s estimate of mean temperatures of chim- poets = poh | | | 1 
ney gases. ak tat Se ae 


Menzin had assumed the hydraulic equation for friction to hold, 
although there was no experimental proof that for such large gas) Fic. 19 Cuimney Srupy. PerrormMance Data or 4N ExistinG CHIM 
flows as those in present-day chimneys that it did hold; and had ' , 
selected the coefficient 0.008 as a compromise between 0.012, “lone being sufficient to account for this phenomenon. T! 
from the crude experiments of Gale, and 0.006, from the limited higher the chimney, the lower became the temperature of 
data of Peclét, both obtained prior to 1890 and therefore scarcely “SWS eases. As the temperature fell, the density ol the gas 
up to date. "increased, and the increment of draft due te each increment 

The author’s calculations for chimney height were based on mean height became less and less. On the other hand, the friction 
stack temperatures instead of temperatures at the base of the stack, esistance per increment of height remainea constant, and 
consequence there was a limit beyond which the increased frictio1 






















1 Assoc. Prof. Mech. Eng., Johns Hopkins Univ., Baltimore, Md Mem resistance was greater than the increased draft. resulting in a lesse 
A.S.M.E. ing of available draft at the base, and in capacity. 
TABLE 2 CHIMNEY STUDY 
(1) 2 3) 4) 5) 6) 7) (8) (9) (10) (11) (12) 13) 14) (15) (16) (17) (18) 19) 
— 2 3 Ss : » S 5 
. cae - ae 56 Ome “ee g . »3 J “5 3 
$$ 28 28 Ss 88 3%; g 3 32 eh os .  —4.-4 3s 
9 at e.° q = | ae Ros © © gS | 20 Sa a} es- © © = So 
es S5 28, 8S 3.. woh ge“ FS 8, og £8. _8 as . 395 &5 4 © bo 
= ee =. =o e—w™ = ~ = =o 3 aia of o » -—] re oo ao 7 
s 5” we FS co £9 BED SE Es se & - © te 82 eS. S& ga se 
S aed S28 “Se “4+ TSR wh> 8 5 *— = $= ood a3 29 & gk -a 
4 = cs © ~ o° SEo5 os 2 = te} = sas Se ~ ¢ = 
E i ~ ae [<s€ =: 8, SES S& eS aa <£ > “5 a° &¢”~ cg tS 6-5 
S$ ad SSE £50 ES B'S cS8 83S - 3 co = gs - ces) 6S ag os 
Aa a B g QR Fh = 2 AG & o - = & Ss @ 
“ 
13 2,000,000 0 429 0.815 1.902 2.002 297 0.795 461 521 1.30 0.183 0.238 2.140 327 0.792 459 519 4251 
14 2,380,000 0.360 0.870 1.782 1.882 280 0.805 467 527 1.40 0.130 0.182 1.964 300 0.803 466 526 4200 
15 2,820,000 0.304 0.908 1.707 1.807 268 0.815 473 533 1.51 0.092 0.139. 1.846 280 0.814 472 532 4200 
16 3,320,000 0.258 0.932 1.663 1.763 26 0.824 478 538 1.62 0.066 0.107 1.770 266 0.824 478 38 4256 
17 3,860,000 0.222 0.950 1.632 1.732 257 0.833 483 543 1.73 0.049 0.085 1.717 256 0.833 483 543 4352 
18 4,450,000 0.193 0.962 1.611 1.711 253 0.841 488 548 1.84 0.037 0.068 1.679 249 0.842 488 548 4482 
19 5,090,000 0.169 0.971 1.596 1.696 251 0.849 492 952 1.95 0.028 0.055 1.651 245 0.850 493 553 4655 
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Despite the preceding criticisms, Professor Smallwood considered 


author had made i real contribution toward the solutu I 
the problem of chimney proportioning and that his 
at defi by far the best yet prese nted It 
of the highest importance 


Peo | d 


OPC! ite in experimenting o1 


it thie 
method of 


ite re sults wa 


rriving 
however, that additional experime 


obtained, powe! pl nt superintendents shoul 


large chimnevs to determine frictt 


~ the factors with which thev varv. and the laws relating 
( determi the exact relation between temperature of ga 
ad height of chimney ind investigating the influence of a 
filtration, down drafts, stratification, eddy currents, et Unt 
don mney design must remain much where it v 
Y. A. Marsh* wrote that chimneys were not power generator 
vere not subject to classification on a horsepower basis. The 
! ci thie ime lunction fans and should be rate 1 by the sar 
measurement, namely, gas volumes and pressures 
Lh rge problem was one of judgment is to what varial 
f Such items as the flue-gas temperat ire as affected b 
ting conditions, friction losses as affected by fouling of boiler 
es, quality of coal and provision for worst coal as affecting t] 
rht of air, were all subject to considerable variation, and 


ample experience Was required to select the 
per Values ‘| nere WAS also the question or! the probabl opel 
r conditions that might exist five or ten vears hence in the nl 


reference to plant development and growth, as well as that 
ent for plant expansion. 


| Hoppu vho opened the oral liscussior 











I 
. Wort . 
) B R 
OCCASIO! tk design thie tacks 10 a moc 
found that the rious formulas available for that 
e stack diameters ranging from 8 to 12 ft. for a give 
| old stack tOTrmn ilas, w! l¢ h were based on hand firi 


not apply to the great variety of conditions obtaining 
ing, and in this re spect he felt that the author had presented 
thing definite that could be depended upot 
eat care had to be exercised in making assumptions regarding 


whether they would be uniform throughout the 


or whether considerable excess air would filter in at some 


Further, radiation losses would be greate1 


point 


tacks than in those built of brick unless the former were lined 
| tton to 


I. Funk 


thie author's 


top 
said that while two of the fundamental quantities 
method were assumptions based on scanty 
ntal data, he nevertheless believed that it would be found 
eld more accurate results than anything else published on the 
ect. The formula for friction might be open to question as 
triction varied with the condition of the surface, and the surfaces 
ered widely as regarded roughness. The velocity to be used in 


calculations was that at the sides of the stack where the 


Vh, Engr., Green Engrg. Co., E. Chicago, Ind Mem. A.S.M.E 

*Engr., Philadelphia Elec. Co., Philadelphia, Pa. Mem. A.S.M.E 

: yee Engr., Philadelphia Elec. Co., Philadelphia, Pa. Mem 
AS.M.E. 
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l ) irred i | tne A rag iv e 
LAC l ection, which Wis fiche 
\. G. Christie® confirmed what Mr. Hopping had said in regard 
eC ! Its obtained from rious stack formulas 
| ( on with t esign of « evs 
i ] r station being tructed in St 
wer ‘ 
—— . 
< 
. 
» 
\ 
\ 
\ 
| 
\ 
0 20 40 160 180 200 220 240 
~ | I W h A 
( AT I EASED | ] - 
performance data fro neys in modern plants in order to dé 
rmine whether an empirical formula might be derived that 
would be suitable for the work in hand, and it had been found 
it practically every chimney considered had been designed, w 
iin modifications cording to Kent’s original formula 
Professor Christie agreed with Mr. Funk that surface frict 
olved as well fluid friction. In the work which Profes 
~ vood had conducted at Johns Hopkins, thermocouples ha 
‘ uund untrustworthy, a large resistance thermometer had bee 
to measure the average temperature across the chimney I] 
i the i the stack nicely and could be lowered from t 
t r a long time no explanation had offered itse 
thi ry great temperature drop that took place between the 
tlet of the boiler and the top of the stack; but at last it wa 
ind that the breeching had been cemented into the stack cold 
that heating had dished it inward from the chimney, leaving 
rg } s through which cold air entered. Consequent 
e] lr of the Johns Hopkins experiments would ha 
vitl nsiderable measure of caution as the lid 1 
| chimne nditior 
\\ er m variables involved chur esig 
P r Christi neluded, all but a Vv were unimp t 
( ‘ e negle ( tain definite ite Ss such as vé 
{ ture « e, and friction ss ld be determ | 
; 7 ir « { mp nt riables might be lected | 
re XI ent data obtained on them w I | " 
po le cy nim wit i! Ol ible aegree o i i 
I. F. Uehling | that air infiltration between the boile: 
g given much thought, was a serious matt 


} » had had occasion to examin 
found that the CO» percentage at the bas 
it When the gases left 


which meant a 


{ { k ranged fr no to o per 


10 to 12, 


ntage was from 
filtration of air, in fact, so much so that the stack wa 
urdened with 100 per cent more gas than it should carry away 
Others who briefly commented on the paper were Max Toltz 

who welcomed the new method as one that would make it possible 
to design stacks rapidly and with accuracy; and W. B. Frost, who 
believed that the new types of airtight flues would do away wit! 
much of the uncertainties in design caused by air infiltration. 


(Continued on page 569) 
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SURVEY OF ENGINEERING PROGRESS 


A Review of Attainment in Mechanical Engineering and Related Fields 


Tables and Diagrams for Water Vapor Computed on the Basis of 
Its Specific Heat 
By DR. OSCAR KNOBLAUCH, E. RAISCH, anp H. HAUSEN 


FiQUATIONS showing the variation of specific heat c, with values for c, at the critical pressure and at the pressure p () 
4 pressure and temperature have been available for many In order to satisfy general thermodynamic requirements c, must 
years, but all attempts to derive the general properties of steam become equal to © at the critical point, i.e., the critical tempera- 
from its specific heat by purely analytical means so as to cover by _ ture ¢, 374 deg. cent. and the critical pressure p, 225.05 
one general expression the wide range of conditions, have hitherto atmos. 
failed. The constant C and the functions f(7') and g(p) were determine: 
The present investigators claim to have derived an equation 
for the specific heat c, of a simple character, with pressure and tem- ss Ps ——— oe ae 
perature entering as magnitudes of the first power only. More- t thot tt 
over, from the equation for cp they have derived an equation of = [tj sok sosoke ees 








state as well as equations for entropy and heat content and have ues 
shown that the steam tables computed from the specific heat of Ly 
steam with some auxiliary values are in good accord with tables ii 
derived by other means and values determined experimentally. s 
EQUATION FOR Speciric HEAT OF STEAM Cp ea 
The present work is 2 
based on recent deter- on 
j 


minations of the spe- 





i \ cific heats of water mai +t tEtieee 9 
os 7 vapor carried out by seeenenss' ease Hieneee KxNopraucH-Rais 
\ Knoblauch and Raisch f Havsen Isopars IN THI 
\ xe at the Munich Tech- ++ t DiaGraM For 
Ca 7 - . } Water Vapor 
nical High School. 
~~ These values are given te tT 
} hie ° ° ° rit 
a in a diagram in the eee 
_; original _ publication. otto 
ne a a —— 


In this the tempera- eee 
Fie. 1 Geromerricat Expression ror THe — tures are plotted as ab- 
SeconD MEMBER ON THE RiGcuHT-Hanp Sipe_ gcissas and the 


Cp 
or Equation [1] values as _ ordinates 
| Curves are then drawn am 
ee ae . } 
through points thus 
obtained experimen- i 


tally, connecting points 
of equal pressure (« 
isobars). It has been 
found that these « 


' 
26158-1524 





















1 \ 
' isobars are hyperbolic eee bit \eo 
< H ° ° t nit \ 
in their curvature, the tH\4 
‘ ’ | ene aS 
position of the asymp- ~ Cet hh, 
J “ on bby 4-4 wn 
= 7 i H totes varying with the hh 
ems: - 273° Theta : : ERR | 
P pressure. This is ex- q rit 
5 9 ‘ 7 . i ~prrec > P n ” _ i 
Fig. 2 GEOMETRICAI, EXPRESSION FOR THE pressed by the equa- ans ry 
TEMPERATURE FUNCTION {(7') In EQuarTION [1] c . Maer 
tion tI WAALS 4 
AAAB LS VES SSSeeees' 
a phe ah bee ee 
C ' Da NEA fob RR tt 
cp = f(T) + =. ..... [1] 
T — ¢(p) 


where f(7) is a pure temperature function, g(p) a pure pressure 
function, and C a constant. A somewhat similar equation for 
Cp Was proposed some years ago by R. Plank, but a pressure function 
was employed instead of the constant C and the temperature 
function was referred to the specific heat c, at the pressure p = 0. 

The selection of the functions involved and the constant C 
had to be made in such a manner that on the one hand Equation 
[1] would give for the specific heat c, values agreeing with those 
obtained experimentally within the region from 0.5 to 20 atmos.: 
and on the other hand, would give also by extrapolation correct 7 i GAA ees oad 





first by trial and then by the method of least squares, this g 
done on the assumption that 7 = 273.1 + ¢t. This gave 


038 
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r a a 6310.3 oer 
XP) a ae 18.165 + p oa} 





with p expressed in kilograms per square centimeter, or 
p von ie 7354 |} ' 6310.3 - 
vl P) 5DS8.97 4+ 0.3735 at ) ? ~ {a0 
18.165 + [P X 10~4 
ith P expressed in kilograms per square meter. For the region 
temperature above 100 deg. cent. and also between 50 and 100 
g. cent. 


f(T) = 0.3391 + 0.000197T , [4a] 


d below 100 deg. cent 


an 20.33 
fi 7 i) $575 — - 4h 
‘ ] 241.55 ’ 


instead of absolute temperatures the temperatures in degrees 
tigrade be used, counting from the freezing point, Equations 
fa} and [4b] read, respectively, 


Above 100 deg. cent.: fit 0.3929 4 0.000197 t j _ 


_ 20.33 
0.4575 , > Db 


Below 100 deg. cent.: f(t 


iation [1] for c, after substituting the values 
, 9(p), and C will then read as follows 


given above for 


For temperatures above 100 deg. cent 


ne 12.8 
» ~ 0.3391 + 0.0001977 - 
1 206.4 
33 
[6a 
2 a ne OH310.5 
] rs, O34 SOAP 
IS 165 + p 
a 12.8 
0.3020 O.0001LU0 Et = 
t+ 16.4 
20.33 
sits OH310.3 
{ 5] rs O34 4p T 
18.165 + p 
lor temperatures below 100 deg. cent 
» explanation is given as to which of the two equations, [4a] and jac 
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C; () 1575 
] 41 OS 
>() 355 
' 
H510.4 
] 988.97 0.37554p 
IS. 165 
isan 20.3 
0.4575 
20) 3-3 
7 as pee 6310.3 
4 bloS4 0.31304) t 


18.165 4 p 


These equations give with great precision the 
tally obtained by Knoblauch and Raisch for « 
is that they contain 
only, 


values experime! 

\ valuable feature 

pressure and temperature in the first 

which permits the use of the slide rule in computations 

In this connection it may be noted that Equation [1] admits of 
C 


powe I 


geometrical interpretation. Its second member = when 
— GP 

an equilateral 
which one asymptote is constituted by the axis 


of abscissas AXIS Ol temperatures) and the other by a line paralle| 


considered as a function of 7’, gives at constant ¢(p 
hyperbola, of 


to the axis of ordinates and located therefrom at a distance ¢(p 
For different pressures the distance ¢(p) varies, and therefore for 
various pressures we have a series of congruent equilateral hy 
perbolas differing from each other through being displaced in a 
horizontal direction 

The temperature function f(7) may be likewise represented in 
accordance with Equation [4b] by an equilateral hyperbola, so that 
in accordance with Equation [1] the specific heat may be obtained 
bv “‘additions” of hyperbolas. 

From this expression for the specific heat of steam the authors pro- 
ceed to derive various other equations. Because of lack of 
it is impossible to give the derivations and only the equations tl 
selves will be reproduced here. 


spac 


os 
EQUATION OF STATE—E-NTROPY AND HEAT-CONTENT EQUATION 


The equation of state 1s follows 


RT (¢ is Nea l 
Dp { Ae 7 
\ here 


0.0000257 |P «10 


15.3 + [P x 10 


It is of interest to note that the second and third members on the 


right-hand side of 


Equation [8] represent the deviation of stear 








be applied between 50 and 100 deg. cent from the ideal gas state 
TABLE 1 STEAM TABLE COMPUTED FROM TEMPERATURI 
5 6 7 g 9 
 y gig ey, cs =? 2 a a 
= as 5 Sf S, 22.0, r @ 
: » = ar = ay =a £5&= “ . : 
Sem vgs o ° te wf > = Ub 
$s5% sae ops = Bx 5&3. 7 ate 
£e . & ost ves : @Seoh * Rett 
e <5 ASS ma mea > woua’s MEAs =~ 
2.3670 1.2979 125.5 648.6 42 4580.4 6926 l 14 
2.7549 0.66830 1.4963 130.¢ 650.2 43 476.6 1. 68035 1.289 
i 3.1915 0.58212 1.7179 135.7 651.8 43 72.7 1.6684 1.2649 
i 3.685 0. 50857 1.9663 140.8 653.3 43 468.7 1.6568 1.2409 | 
4.238 0.44591 > 2426 146.0 654.8 508 8 44.1¢ 464.6 1.6454 1.2171 1 
rABLE 2 STEAM TABLE COMPUTED FROM PRESSURI 
2 3 4 5 6 7 Ss 9 10 11 12 l 
ES gsé a2 8 = § Mf “ ! 5 "$é S 
7 FE eS ss 3 os S Se. $s¢ 3° ; 
= = Gc: Soo SEs aSa= bea 3 
= 2 e $3. $25 SEs SEE eSb5 Et: 
< a i Rowe ma ree ie he eae 2aiFa 
119.61 0.90221 1.1084 120.0 646.9 526.9 1.7062 1.3419 2.0 
126.78 0.73201 1.3661 127.3 649 522.0 0.382 1.6881 1.3054 2 
132.87 0.61698 1.6208 133.5 651.2 517.7 0.3981 1.6735 |. 2754 , 0 
; 138.18 0. 53375 1.8735 139.0 652.8 513.8 0.4114 1.6610 1.2496 ; 
‘ 142.91 416.01 0.47082 2.1240 143.8 654.2 510.4 0.4231 1.6501 1.2270 1.0 
‘ 147.19 420.29 (. 42159 2.3720 148.3 655.4 07 1 0.4336 1.6405 1.2069 4.5 
j 
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vie is the average value of 0.7327 
The equation for the heat content 
f swt C log {7 g(P tf yuna 
| ition fo! kg iti s [Ss | | Sas TOLOW 
temperature in deg. cent. counting from v 
point 
l absolute temperature in deg. cent 273.1 
| 1 426.9 reciprocal of the mechanical equivalent 
heat 
R 17.10 gas constant of water vapor 
internal energy in kg-cal. per kg 
Ss) and 7 respectively, the specific volume, interna 


and heat content at 
and the corresponding saturation 
0.006226 atmos. 


and 2 


energy, entropy, 0 deg. cent 


pressure 's 
ra corresponding values for liquid water at 
temperature f corresponding to saturation pressure p 

"and 7” 
steam. 


corresponding values for dry saturated 
The original publication discusses in some detail the pr 
as employed in making the theoretical calculations and presents a 
comparison of the steam tables computed from the values of the spe- 


CCSS 


cific heat with the results of direct observation 


(ONCLUSIONS ARRIVED AT BY THE Al 


rHORS 


A comparison of the steam tables with thermodynamic deductions 
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ind results of obset lead e authors to the following cor 
clusion 

1 It follows from theoretical considerations that for the -erit 
ical state « 0 | actually this value is obtained from quatio 
|| for ¢ 74 deg. cent. and p 225.05 at 

2 The heat content of water Vapor at Constant temperat 
decreases wit increase OL pressure This is actuall ind t 
the case 1 ( | (-p isotherm diagran 

> §6©6The follow ng re marks are made in reference to the ext 

further numerical control of steam tables. [Equation [10], d 
rived to express entropy s, Contains in addition to the thermod 
namically established relation between c,, pressure, and temp 
ture only the constant of integration In this juatiol thie 
fore, apart from this quantit the experimentally establis! 
behavior of the cp values is expressed in its purest innel | 
makes the computations carried out in connection with thi 
of entropy all the more valuabl 

Now, if we connect by means of 

l 

the values of computed in accordance with Equation [10] wit 


the experimentally determined values of and 7’,, we obtain tl! 


heat of vaporization r. The authors give for purposes of comparis: 
the values for r experimentally determined by Henning and i 
parallel column those computed from the Clausius-Clapeyr 
equation The differences between the two sets of values are v 
view of t! 


fact that these two sets of values have been obtained in 


slight, however, which is particularly interesting in 


entire 
different ways which are independent of each other 

The original publication contains steam tables computed fr 
the specific heat. Of these only two are reproduced here on accou 
of lack of space. (Tabellen Wasserdan 
berechnet aus der s pez fischer Warme, Verlag R. Oldenbourg, Ber! 
illustr. efA 


und Diagramme fur 


1923, 32 pp., 


An Investigation of Welded Pressure Vessels 
An I tigat f Welded P \ | 


AN EXTENSIVE PUBLICATION which may be divided 


44 into three parts, namely: areport of tests carried out by 
the Bureau of Standards; an analysis of test data given in this 
report and comments on the various features considered; and 


finally, recommendations made by the Pressure Vessel Committe: 
of the American Bureau of Welding for the consideration of the 
Boiler Code Committee of The American Society of Mechanical 
I-ngineers in their revision of the Code for Unfired Pressure Vessels 
\s regards the report of the Bureau of Standards, it deals wit! 
\s it Is 
( xpected that it will be published by the Bureau in the usual man- 
ner, at which time it will be available at a very low cost to all thos 
nterested in the subject, only the conclusions arrived at are reported 
These are: 
| The double V-weld is much superior to the single V-weld 
2 The pipe shells tested were less uniform and averaged lowe1 
in strength than double V-welded plate shells. 


» 


3 The butt-welded heads were stronger than the inserted heads 


in investigation of strength of welded pressure vessels. 


{ A hammer test cannot be relied upon to show more than a very 
few exceptionally defective welds. 

5 The hammer test, as applied, apparently did not weaken th. 
tanks 

6} Hydrostatic pressure 1'/, times the working pressure showed 
a small number of imperfected welds, even when the hamme 
was used. 

7 Hydrostatic pressure sufficient to stress the shell to the yield 
point will show a large proportion of imperfect welds. 

8 Hydrostatic pressure sufficient to produce a permanent set 
in the shell, enlarging the circumference '/, per cent, apparently 
does not weaken the tank. 


9 Flanges for inspection plugs can be welded in the heads of 


a tank without weakening it. 

The comments on the report of the Bureau of Standards fall 
into several sections. In those dealing with construction it is 
pointed out among other things that there is one principle which 


it is felt should be all welded steel structure 
portance, which is that the included V-angle should 1 
90 deg 

The shells in these tanks were crimped over the 


irried’ Out in 


struction that is thought by many to give added str 


is some doubt, however, as to its effectiveness, though this 1 
thickness of 
The dr 
of these tanks submitted by their maker shows such an 
‘so small that it is quite 
indicated The eT iph of the 


sections shows this to be true, and it seems clear that 


increase as the diameter of the tank decreases, the 
shell and the amount of crimping being the same 
amount 
crimping as to make the V-angl impos 
to make the weld as phot 
consid 
the small amount of weld metal actu lly holding, and the fact 
high fact 
safety is all that saves the construction from failure, and so t 
It is believed that other designs 
efficient, and probably just as cheap, are a , and that 
should be used in the interests of course there « 
no objection to the use of pipe for the shell with a proper fact 
safety, and with flanged heads butt-welded to the shell the 
struction would be beyond criticism. 

In one of the tanks tested, in fact, the 
was found that there was a severe strain on the head weld ea 
by its rigidity which kept it from bending while the materi 
both sides of it could distort. In another instance one of thi 
welds cracked under the hammer test. 

The maker reports that during the 50-!b. hydrostatic shop 
for tightness there were found two damp spots, one in each 
seam, which were rewelded, and after retest were found 
It is not possible now to identify these spots, but the eracl 
be at one of them. 

This rewelding might account for a local stress, which, 
to the test stress, might be of sufficient amount to cause loc! 
rupture. It is a very good illustration of what may occur if enoug 


there is bad bending action in the weld, the very 
sign cannot be commended. 
ailable 


safety wf 


strongest of tae 


care be not taken in making repairs. 
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Chere are three points to note in this connection: 
| The static test at 1 
t the defect 


> The defect was found by the hamme 


times the working pressure did not de- 


it a lower pressure than 
times the working pressure. 

> The crack was evidently caused by local internal stresses 

use (a) it occurred at low pressure and (6) it was local. 

something 


~ 


it seems clear that 
a shock of moderat« 


as this ease is concerned, 
test is needed, and that 


ink is under 


Oo lar 


re than a stati 


ount while the t moderate pressure will show up 


ects not revealed by stati pressure ol the same or somewhat 


iter amount. 


It is probably i good thing that this tank failed as it did is it 
vs that the Code provision for a reweld and retest is safe prac- 
the work is properly don It is also evident that local 


otherwise welded tanks, and that 


ses Can exist in properly 
ive no effect on the strength of the rest of the welds 
DESIGN 
alive il ¢ best Ine thod la] appiying lie ads is by butt 


the shell, and where a head convex t 
ised the method in the Code should be followed 

regards the of what fiber stress should be used iz 
ing unfired pressure 
ms quite fair and safe to use 50,000 Ib. as the basis for design 
5, and a weld value of SO per cent, this 


question 
vessels, the conclusion is reached that 
i factor of safety of 
mean a design fiber stress at the working pressure of SOOO 
ed on the nominal plate thickness. In view of the high 

the double V-weld, 97 per cent or 9700 lb. fiber stress 


e above l this does not seem to the Committee ex- 
unfair, or in any degree dangerous, and they therefore 
end its adopti It would apply also to the special tanks, 
folt 23 having | t] 50.000 Ib. tensile strength 
wrought-iron pipe used tf pressure vessels a maximu 
fiber stress of 4000 11 recommended, although it 
1 out that steel pipe i eas obtal d mal 
iction safer 
Committee considers i ent te w 150] 
1 250 |i ( ammonia t t It belheves that it eln- 
e to pu all hi | uds or gases n the same basis as 
is concerned, 
Committee also objects to the requirement in the Cod 
ct that heads convex to th pressure si ill have a skirt 
indin. long. This is impractical for iller-sized heads 


Committee recomm: nds certain relations between the length 


kirt and the diameter of the head. \lso the Committee 
that the constri ting or crimping ol the end of the shell is 
although objectionable The Committee also 
ends a certain convex head. The necessity for 
due to the fact that as heads convex to the pressure are mucl 
than the shell, the welder is 
id is reduced in thickness 
which ¢: 


sary, not 


form of 


at some disadvantage unless 
There are a number of othe: 
innot be 


mendations reported here on account of 


spac 


Hyprosratic HamMer Tes! 


irch was made by one of the Committee, but only a few 


j 
ces have been found, and they are merely references to the 
that it is used. 
\merican Society for Testing Materials provides in its 
fication for cast-iron pipe as follows: 

i ON 14 Che straight pipes shall be subjected to a proof by hydro- 
pressure, and if required by the engineer, they shall also be subjected 
mmer test under this pressure. [No details of how the test is to be 
l are given ] 

© pressure to which the different sizes and classes of pipes shall be 
ted are as follows: 
‘ Test Pressure 
Working 20in. diam. Less Fiber stress at Fiber stress at 
pressure! & larger than 20 in test pressure test pressure? 
43 Ib 150 Ib. 300 Ib 4 in., 1420 Ib 20 in., 2230 Ib 
: 18 in., 4200 Ib 60 in., 3230 Ib 
56 Ib 200 Ib 300 Ib 
130 Ib 250 Ib 300 Ib 
g 173 Ib 300 Ib 300 Ib 4 in., 1150 Ib 20 in., 2900 Ib 
18 in., 2760 Ib 60 in., 3780 Ib 
\dded to table. ? Calculated from data in specifications. 
3 
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It will be seen that the ratio of test pressure to working pressuré 
from about 7.0 to 1.7—and that the fiber stresses 
the table are irregular and variable. The Committee 


t in a position to criticize, and simply points out the variations 


irics W icle ly 


likewise 


indicative of either unusual conditions or of lack of standard- 
ization, probably the latter 

rhe dat d word the American Water Works Association 
peciheation re identical wit those of the American Society 

I" g¢ Ma 

Stateme ivel ethods of hammer testing cast 

d steel] | t will b een that the hammer used 

ot he ly of the tables of test pressures, that 
he fiber stresses used are not as high as in the Bureau of Stand- 
ds’ test | t ! the proposed revisio1 th 
L.S.M.E.R | ¢ and Fittings are th eas those of t 


ry ine rye 
() ( ( t r { t One 
¢ ( (Code Com ( ho i i stl gy ad 
e ( states tl l xperience it ha 
ich val etecting leaks and other imperfections 
One of the the present Committee, who has used 
e ha er ft el! ears, stat that | ( nplo g it 
ie le or ound that were not shown up by the pres- 
re alone, and he would not want to omit its us¢ 
It has be thy rience of one job welding shop, in the case 
many | st-iron vessels, ranging in size from small 
ito evi ti large heating-boiler sections, that, with a 
city water p re of from 40 to 60 lb., an ordinary machinist’s 


weight of the vesse Wl 


iammer, used in proportion to the 


iriably detect train due to uneven shrinkage, and that if no 
effect is produced the ha ering, there is also irial su 
cessful service It s also been their practice for over five years, 
= ‘ I g pl re s known, to use the Code test 
on a velded st pressure essels, such as steam-jacketed 
ket tle d the tate that they would not feel safe in letting ther 
eave the shop without being so tested, and that no vessel of 
pe } g this ft ever failed in service 
It heir belief that the test is specially adapted to detect strain 
which are serious it t-iron welds, and that it will not, from their 
experience, detect an imperfect cast-iron weld unless there is a 
train in it, | the factor of safety in the vessels referred t 
made high because of foundry conditions, so that even 
imperfect weld will be plenty strong enough 
The statement usually made, as far as the Committee knows 
is that the Code test should detect a bad weld. At once the question 


; What is a bad weld? The Committee knows of no 
attempt to evaluate or define it. There 
degrees of badness in welds, as in anything else, but in the 
no “bad” weld was detected by the Code test except one (Tank 
X15). The other one found by it was a good weld (Tank K4 
containing a local strain, which was repaired and the tank on re- 
test broke at 50,500 lb. fiber stress. It is quite probable that 
X15 had a strain in the weld, due to the thin welds having to stand 
all the shrinkage stress. 

The Committee has inquired of 
their idea of a bad weld, which would be discovered by the Coce 
is found that none of those questioned had any definite 


are evidently various 


tests 


its members and others as 


test, and | 


opinion on the matter 


PHYSICAL QUALITIES OF MATERIALS 


Che Code has no specifications for the pipe which was used for 
nine of the regular tanks tested. The Committee feels that wrought 
iron pipe being naturally weak longitudinally in the tank or trans 
versely in the skelp, is not a suitable material for pressure vessels 
inless the factor of safety is very high, and that lap-welded stee 
pipe could be used instead without any hardship. 

The subject of high- or low-tensile-strength plate for welding is 
discussed in some detail. As regards the yield point, it is believed 
to be perfectly safe to allow a high yield point, especially since the 
material is annealed by the welding for quite some distance from 
the weld. This annealing increases the elongation, allowing the 
steel to absorb the welding strains in spite of higher tensile strength 
than the Code allows. From the foregoing it is safe to provide 
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that material '/; in. thick or less shall have the following physical 
properties: 
60,000 max 


0.5 T.S. min 
1,500,000, T.S 


Tensile strength (T.S.), lb. per sq. in. 
Yield point, lb. per sq. in. 
Elongation, per cent in 8 in. 


provided that the elongation be measured on a gage length of 24 
times the thickness and that the Code chemical analysis be com- 
plied with, and the Committee so recommends. The Committee 
believes that the use of a definite minimum for the yield point 
is not as good as the limit used in the Boiler Code in which the yield 
point is equal to 0.5 T.S. min., because the former excludes Armco 
iron, a very good material, while the latter admits it. Whatever 
form of specification is used, Armco iron should be allowed. Fur- 
ther, the Committee believes that if its recommendation as to hy- 
drostatic test at three times the working pressure be adopted, the 
yield point minimum of 24,000 lb. is too low, as it is just three times 
the fiber stress, 8000 lb., of which the Committee is in favor. 


CHEMICAL REQUIREMENTS OF PLATE 
The Committee recommends the following as a specification that 
will fit all cases: 
Per cent max. 


0.04 
.0.05 


Per cent max 
Phosphorus 
Sulphur 


Carbon 0.15 
Manganese 0.30 to 0.60 


It is believed that there should be a low limit on the manganese, 
to insure good steel, and 0.30 per cent is recommended. This 
would exclude Armco iron, which is entirely suitable for pressure 
vessels, provided its low tensile strength (about 45,000 lb.) is 
allowed for, and its use should be permitted by some such wording 
as, “The use of ingot iron is permitted provided a fiber stress of 
7200 lb. per sq. in. at the working pressure is not exceeded.” (Jour- 
nal of the American Welding Society, vol. 2, no. 5, May, 1923, pp. 
11 to 162, 120 figs., epA) 
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AIR MACHINERY 


Device FoR TesTING AIR DRILLS AND HAMMeERs. Description 
of an air-motor testing device which has recently been developed 
at the shops of the Pittsburgh & Lake Erie Railroad at McKees 
Rocks, Pa. 

For testing drills a motor is mounted in the device and is guided 
at the drill by a cross-bar resting on a test block. Air is supplied 
to the cylinder through a flexible hose and valve. When the air 
is admitted at the top of the cylinder and exhausted at the bottom, 
this forces the piston down on top of the air motor at a pressure 
indicated by the gage, and the extent of this pressure may be regu- 
lated as desired. 

For testing, the air motor is set up with a 2-in. drill point resting 
on the test block and pressure is applied slowly until the air motor 
is pulling to capacity. The revolutions per minute are counted 
and the pressure is noted. The pressure needed to stall the motor 
is also recorded and, provided the sharpness of the drill point is 
kept constant, this pressure is the measure of the efficiency of the 
air motor. Through this test one may determine whether or not 
a drill after being repaired has been brought back to its rated 
capacity. 

In ascertaining the vibrations of hammers, the piston rod of the 
8-in. by 14-in. air cylinder of the testing machine is chalked, and 
the vibrations are indicated by a pair of calipers held against the 
piston rod. The hammer is allowed to run for a given length of 
time and the vibrations are measured. This test is run to make 
comparisons between different types of new hammers, and it is 
also applied when old hammers are being overhauled, in order to 
find out if the vibrations have increased to any extent with the age 
of the pneumatic tools. 

D. G. Redding, assistant superintendent of motive power of the 
Pittsburgh & Lake Erie Railroad, reports that some of the hammers 
which were said to have the jieast vibration have shown excessive 
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vibration under this kind of test. He is considering modifying 
the machine in question in such a way that comparative capacity 
tests of hammers may be made with it. It is believed that this 


can readily be done by the aid of additional attachments. (Com- 
pressed Air Magazine, vol. 28, no. 7, July, 1923, p. 560, 3 figs., 
d) 


BUREAU OF STANDARDS (See Refrigeration) 


ENGINEERING MATERIALS 


Corrosion of Condenser Tubes—Flow of Water and Air-Bubble 
Action 


THe Rapip Corrosion oF CoNDENSER TuBeEs, Guy D. Ben 
gough and R. May. A brief summary of conclusions as to the 
cause of the rapid corrosion of condenser tubes which have bee: 
arrived at in the course of an investigation carried out during the 
last few years under the direction of the Corrosion Research Com 
mittee of the Institute of Metals. The full evidence has not yet 
been published. 

The present article deals only with corrosion caused by the pres 
ence of entangled air in the circulating water in estuarine and 
marine conditions. The attack is especially serious, because it 
can cause tube failure in a few weeks or even days. 

This cause is largely independent of the chemical compositior 
of the tube, i.e., any ordinary tubes of commerce of 70:30 brass 
Admiralty alloy, lead brass, or arsenical copper will show th 
action when exposed to suitable conditions. In fact, any selecte: 
area of any ordinary tube is liable, and can be made, to show thy 
action. Certain alloys very high in nickel, e.g., containing up t 
20 per cent nickel, fail as badly as brasses. 

The action which produces the rapid failure has certain cham 
teristics, of which the following is a list: 

1 It usually occurs near the water inlet of the tubes in the fir 
pass, and less frequently near the water outlet of long tubes. 

2 It occurs indifferently anywhere round the circumference « 
the tube, and frequently all round it. A considerable area of tul 
is attacked, i.e., the action is not concentrated at sharply defin: 
isolated pits. 

3 A longitudinal section of a tube corroded by this action wh: 
rubbed down on an oil stone shows a characteristic “water wort 
appearance, from which the direction of the flow of the water « 
be readily determined. 

4 The tubes showing the action are often found to be spaced ov: 
a comparatively small area of the tube plate. If a corroded tu! 
be replaced by a new tube, the latter will often again fail rapid! 
and the process may be repeated several times. 

5 The action is seldom shown by tubes that have been a lo 
time in the condenser, i.e., tubes either show it in their early 
or not at all. 

6 Ordinary methods of electrolytic protection fail to prev 
the action. 

7 Metallic copper is seldom found as a corrosion product at t 
corroded areas; these often seem remarkably free from corros 
products. 

8 Ferrules occasionally show the action. These are frequen’ 
made of 60:40 alloy, but even in such cases it often happens t 
no metallic copper is visible at the corroded surface. 

As regards the cause of corrosion, evidence seems to indi: 
that the main cause of the action must be in the conditions to w! 
the tubes are subjected. Furthermore, it has been found that 
all the tubes in a single pass are always in similar conditions 
behave similarly if of uniform quality. This is due to the 
that the speed at the tube wall may vary in different tubes, as |ias 
been found by the use of glass tubes. 

The phenomena of flow observed in the tubes varied consider 
with the type of water used in the experiments. The behavior of 
sea water only will be discussed in the present article. The [irs 
point of importance to be noted is that smooth flow, such 
usually assumed to take place through all condenser tubes, did 
take place through many of the tubes. In certain tubes the \ 
stream formed vortices or more or less flat or extended sp 
especially for the first 2 ft. or 3 ft. of the tube. See Figs. 3 
4. Where these spirals impinged on the walls local turbulenc 
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was set up as shown in Fig. 4. Some approximate measurements 
were made—by a photographic method—on the variations of speed 
that occurred at various parts of the tube. For this purpose the 
introduction of small solid particles of air bubbles was useful; 
the behavior of these showed clearly that great variations of speed 

uuld take place even in a single tube. Thus at certain parts of 
i, tube through which water was traveling at an average speed of 
6 ft. per sec., local retardation near the tube wall might reduce the 

wed almost to zero, while in the center of the tube the speed might 
Turbulence prevailed 

different degrees in many of the tubes for a length of 2 ft. or 
3 ft. from the inlet end and then gradually died away. When 
turbulence prevailed high water speeds might be attained locally 
near the tube wall. 
i given tube was, of course, greatest in the tubes with least turbu- 
lence, 1.e., with the nearest approach to smooth flow. Probably 
the highest speeds were developed locally in tubes with the greatest 


ipproximate to twice the average speed. 


The actual amount of water passing through 


turbulence. The phenomena differed noticeably in tubes in differ- 
ent positions relative to the main water inlet. 

ely any vortices but local impingement on the tube wall near 
the inlet end—as shown in Fig. 2. 


{n increase in the water speed increased the complexity of the 


Some tubes showed 


p 
mation to smooth flow to take place throughout the greater part 


henomena; a decrease to 2 ft. or 3 ft per sec. caused an approxi- 


of the tube 


TABLE 1 CORROSION OF BRASS TUBES (18 W.G 
ration of experiment, 28 days; temperature, 20 deg. cent.; speed of water, 
10 ft. per sec 


Per cent penetration Amount of entangled air 


\ on 121mm. = 15 W.G in cc. per hr 
Less than 1 0.7 

70:29. 1 2.5 0.7 
Less than | 25 
Less than 1 145 

7 31 3,000 

70:29: 1 35 3,000 

7 SS 11,000 


oratory -cast specimen 


lt has previously been found experimentally that an increase 
in water speed, at least up to about 20 ft. per sec., increases the 
rate of corrosion of both copper and brass; consequently, the 
greatest local corrosion would be expected where the greatest 
turbulence prevailed, i.e., near the inlet end. 
ertheless the failure of tubes in practice in a few weeks could 
explained on the basis of high water speed alone. Even 
with the highest water speed used in the experiments, namely, 
20 it. per see., a copper tube would have a life of at least six months, 
i iboratory temperatures 
ther tests indicated that entangled air in water is the real 


of rapid corrosion. Sea water was found always to contain 


amount of air in very fine bubbles. These were evidently 

i certain amount of churning in the centrifugal pump which 

ised them to pass out of solution. They retain their iden- 

or considerabl periods in this particular water for the same 

re which cause it to exhibit the familiar property of foaming, 
wi is not possessed by m&ny fresh waters 

er, some comparative tests were made in which the corro- 

lect ol sea water contaimimng only dissolved air in normal 

ul ts was compared with that of the same water containing, 


in addition, mechanically entangled air. The results were very 
striking, and a few are shown in Table 1. In the case of brass 
condenser tubes the rate of corrosion is greatly increased when a 
certain small volume of entangled air is exceeded; thus with 3 
liters of air per hour passing through the tubes their lives would 


be only about three months. These tests were carried out by im- 
pinging a jet of sea water containing air on to the surface of the 
irranged at right angles to it. 

rhe total volume of air, however, is not the only factor in the 
fase; another important one is its state of subdivision. A given 
e of air is more harmful in a fine state of subdivision than 
present in large bubbles. A fine foam appears to be the 
Worst possible case. A foam consists of an intimate mixture of 
air and water, from which the air does not readily separate. 

Very small amounts of certain liquids and solids can greatly 
Stabilize foams, that is, prevent the separation of the air, e.g., 
Certain oils and basic salts. Notable differences in the tendency 
to foam have been encountered between the samples of sea water 
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collected in large stoneware jars and successively filled from the 
same position on a jetty; such differences may have a noticeable 
effect on corrosion. As a rough generalization it may be said, 
however, that the penetration of a tube per month by an air-sea- 
water jet containing three liters of air per hour in the conditions 
of Table 1 varies from 26 per cent to 33 per cent for the ordinary 
run of 70:30 tubes of commerce. With a highly foaming batch 
of water higher penetrations are occasionally observed, the highest 
yet recorded being 49 per cent. These experiments were usually 
carried out with sets of twelve tubes at a time, and it was clear 
that the varying results were due to the conditions rather than to 
the tubes, since if one tube gave a high result all the others in 
that set did so. In all eases the type of corrosion strikingly re- 
sembled that which occurs in conditions of ordinary practice 
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(;LASS ( ONDENSER uses 
\ small amo t of sulphuretted hydrogen in the water, such as 


is occasionally found in conditions of practice, greatly enhances 
the 
) 


rate of attack: thus, with sea water containing 3 ec. of the gas 
per liter, penetrations Of S<2 pel cent and 90 per cent per month of 


twenty eight day s have been recorded in the conditions of Table 1. 

The reason for the peculiar distribution of the corrosion on tubes 
suffering from the rapid type of action described at the beginning 
of this article may now be suggested. It will be remembered that 
the position at which the action is usually worst is the first two o1 
three feet of the tube at the inlet end It is just at this position 
that turbulence and impingement of air on the tube wall are worst; 
here the tube suffers from an intermittent bombardment with air 
bubbles, as shown diagrammatically in Figs. 2 and 4. Further 
along the tube the turbulence dies out and corrosion falls off. The 
remarkable observation has been made, however, that the size 
of the bubbles gradually decreases, and toward the end of Aa long 
tube, ie., 15 ft., much of the air appears to be distributed as a 
fine “‘mist’”’ of air in water; i.e., in just the state in which it is most 
harmful. So fine is this mist that with an average speed of 7.5 
ft. per sec. through the tube no tendency for the bubbles to rise 
to the top of the tube could be seen. Any roughening of the tube 
surface by local scale accumulation or otherwise, or any obstruction 
in the tube will be liable to cause local eddies and local air bom- 
bardment, and consequently give a chance for corrosion to start. 

A simple method of reducing the trouble is suggested, namely, 
to use for replacements Admiralty tubes that have been heated 
to 40 deg. cent. for a week in sea water, which should be stagnant 
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or only slowly moving. If this cannot be done, then tubes from 
other parts of the condenser in which failures are known to be few 
should be used for replacements, and new tubes inserted in the posi- 
tions thus vacated. This procedure will often require tubes to 
be moved from the second pass to the first in two-pass condensers, 
and will be most effective if proper records of failure are kept. 
r, vol. 


(The Enginec 136, no. 3523, July 6, 1923, pp. 7-10, 15 figs., 
eA 

Report ON RESEARCHES ON THE CHEMICAL AND PHYSICAL 
PROPERTIES OF INSULATING OiLs. The Research on Insulating 


Oils was initiated by the Institution of Electrical Engineers, con- 
tinued by the Electrical Research Committee, and transferred to 
the British Electrical and Allied Industries Research Association. 

The subject has been growing in importance in view of the in- 
creasing size and greater demand put upon transformers and oil 
switches, and would appear never to have received the thorough 
investigation it deserved. The results of the research should be 
of considerable assistance to designers and users of transformers 
and oil switches. 

The sludging test is the most important test of the series The 
prime object of the research on sludging was to ascertain by a series 
of tests carried out by different laboratories upon one and the same 
set of oils and using a selected method of test, whether a sludging 
test was suitable for standardization purposes in preparing pur- 
chasing specifications for insulating oils. This includes the question 
of rapidity, ease of performance, concordance of results between 
duplicate tests and between different experimenters; also the degree 
of accuracy to which the determination can be performed and the 
discovery of any possible improvement in the method itself. 

Among other things it was concluded that driers containing 
lead or cobalt, or manganese resinates or acetates, are liable to 
increase the quantity of sludge formed by an oil. For this reason 
the use of paints or varnishes containing these driers should be 
reduced to a minimum if employed at all. 

The article is of interest not only in view of the results obtained 
but also because of the description of the methods used for the 
various tests, such as determination of viscosity of oils, specific 
heat, latent heat of evaporation, vapor pressures, action of cata- 
lyzers, ete. (The Journal of the Institution of Electrical Engineers, 
vol. 61, no. 319, June, 1923, pp. 661-674, 6 figs., e) 


’ 


Cement in Sea Water 


THE DISINTEGRATION OF CEMENT IN SEA Water, Wm. G. 
Atwood and A. A. Johnson. This paper is of interest as it gives 
in addition to engineering considerations the history and literature 
of the subject. 

Among other things is discussed the so-called “‘ciment fondu,” 
or cast cement, recently developed in France, the particular feature 
of which is the presence of alumina. This cement was widely used 
during the world war for the construction of gun platforms and 
the like where its quick-hardening qualities were of great value. 
One of the disadvantages of this cement is its cost, which is about 
double that of portland cement. 

The authors arrive at the following conclusions: 

1 Practically all skilled experimenters with hydraulic binding 
agents for the last 100 years have agreed that the primary cause 
for the disintegration of mortar and concrete in sulphate-carrying 
waters such as sea water and many alkali waters is the attack on 
the free lime in the mortar by the sulphates of the water. 

2 The majority of the authorities agree that this disintegration 
can be prevented by the addition to standard portland cement of 
a properly constituted siliceous material which, by combination 
with the free lime released in the process of setting, will form a 
cementing material insoluble in sulphate-bearing water. 

3 The high-alumina cements attain the same results by different 
means which appear to be just as effective. Thus far the cost 
of the high-alumina cements seems to be greater than that of port- 
land, whereas the addition of silica to portland should result in a 
cheaper product. Considering the greater strength of the alumina 
cements, it is possible that the cost per unit (1 lb. per sq. in.) of 
strength may not be very different. 

4 The use of a single standard specification for the binding agent 
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in all structures, whatever the service conditions, does not seem 
to be desirable or efficient. 

The purpose of the writers in collecting the information presented 
was to develop for their own use the necessary data for planning 
a comprehensive system of tests, which it is hoped may be con 
ducted under the direction of the Committee on Marine Piling 
Investigations of the National Research Council. These tests, 
in their opinion, should be planned with consideration of the foll 
ing points: 


Ww 


a In view of the great volume of previous research work an 
the general agreement in the results obtained, it seems unnecessar 
to make further tests to determine the causes of the failure of con 
crete in sulphate-bearing waters, particularly in view of the compre 
hensive study now being made at the University of Saskatchewa 
under the auspices of the Engineering Institute and the Re 
Council of Canada. 

b Properly planned accelerated laboratory tests will give corre 
information as to the durability of the various binding agents withi 
a comparatively short time. These tests should be checked | 
service tests which will require many years, but there seems to | 
no question as to the correctness of laboratory results 

c Thorough tests should be made of standard American p tla 
cements strengthened by the addition of siliceous materials. Th 
tests should be for the purpose of determining the necessary qua 
ities to be possessed by the silica: proper proportions lor the mi 
ture with cements of various compositions, and the developme 
of the most efficient and practicable methods of mixing 

d Similar tests should be made of the high-alumina ceme: 
In this case the method of manufacture seems to be of the great: 
importance. The desirable chemical composition of 1 
limestone and bauxite to be used for the manufacture of this ty 
of cement should be determined more definitely than it has be 

The writers realize that many causes contribute to the failur 
of structures in sulphate-bearing waters and that much work | 
been done which has resulted in a longer life for these structu 
They do not believe that the improvements resulting from previr 
experiments on methods of construction have solved the difficult 
nor that it will be solved until a cement immune from attack 
sulphate-bearing waters is developed Engineering World, 
23, no. 1, July, 1923, pp. 25-31, 2 figs., ph) 


most 


FUELS AND FIRING 
Melting Point of Coal Ash 


THe MELTING Potnt or Coat Asu, F. 5S 
and N. Simpkin. 
and describes an apparatus for determination of the melting p 
of coal ash. 


Sinnatt, A. B. Oy 
This paper gives the literature of the su 


The melting point of the ash from vitrain, durain, clarai 
fusain from certain seams has been determined 

The melting point of the ash from different horizons in 
is shown to vary within wide limits. 

Different commercial grades of codl from the same sean 
yield ashes, the melting points of which differ. 

Certain bands in a seam may yield ash of very high melting | 

Chemical analysis is of little value as a criterion of the m g 
point of an ash. 

Table 2 shows the melting point of the ash from certain 
mercial varieties quoted to indicate the order of the differ 
to be expected. It must be recognized that the slack and 
coal may not always yield ashes, the melting points of whw 
lower than the melting point of the ash from the lump coal from the | 
same seam. Furthermore, the variations met with in the differen! 
grades are influenced to a large extent by the mode of occurrence 
of what may be called the “fortuitous” inorganic matter, and | 
the method of purification through which the coal passes pr 
placing it on the market. 

In Table 2 the slack and slurry are “washed coals.” In 4! 
the other experiments the coal was unwashed. 


TABLE 2 MELTING POINT OF COAL ASH IN DEG, CE? 


Seam A B 
Grade of coal 
Lump 1345 1280 134 
Slack 1240 1240 I 
Slurry 1190 1200 
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Paper read before the Manchester Section of the Society of Chem- 

cal Industry and abstracted through the Journal of the Society 
Chemical Industry, Chemistry and Industry, vol. 42, no. 25, June 
2, 1923, pp. 266T-271T together with 
hgs., ep 


discussion 271-272T, 


HYDRAULIC ENGINEERING 


Determining Efficiency of Hydraulic Turbines from Temper- 
ature Differences of Water 


Mertruop ror DETERMINING THE EFFICIENCY Of 
Turpines. Barbillion and Poirson have recently de- 
novel calorimetric method for determining the efficiency 
that is remarkable 
g as it does in merely measuring the difference in tempera- 


LORIMETRIK 
AU LIK 


ped a 


ydraulic turbines for its simplicity, 


Con 





of the water entering and leaving the turbine and the head 
ed 
ne that a hydraulic turbine working at a given rate is sup- 
iz 
8 
eee 
wa 
0 30 
aND 6 Tests or Tursines No. 1 (LEFT) AND No. 2 (RIGHT) OF 
reuLLY PLANT BY THE THERMOMETRIC AND OrpvINARY MetTHODS 
ficiency uissance dela turbi» turbine output; » le therm 
Ae t method; 7 , ordinary method 


a height of H 


The powe! at livered to the tur- 


with Q liters of water per sec. falling from 
as read on a manometer 

ill then be P QH kg-m 
iming that the various losses of energy in this turbine are all 
converted into heat and that the latter is carried off by the 


itself 


i Al, 


pt r sec 


the heating of the water, which is the difference be- 

the temperature Q, at the entry to and the temperature 
the discharge from the turbine, will then be proportional to 
es p, Which can be written as 


Dp 270 (0 Q,) kg-m. per sec. 
theieney is then 
p QH 1L70(0 0 
r QH 
H 27(0 0 27(0 3) 
l Kg-m. per sec 


H Hi . 


equation is notable from the fact that the discharge Q, 


the magnitude 


ind the 


most difficult to measure, is entirely elim- 


value of the efficiency can be obtained instantly 


ding the difference of temperatures and the manometric 

he other hand, the thermometers must be simple and 

: ol reading temperature differences of the order of 

i degree centigrade There are today, however, thermo- 

devices which permit reading such temperatures with 

‘ have questioned the accuracy of this method on the ground 

ere might be other causes that would bring about differences 

| perature In this connection Figs. 5 and 6 are of inte rest, 

show the results obtained by the ordinary method and 

thermometrie method in tests on two turbines of the Fully 
| lunctioning with the highest head in the world. 


The two 
«ls appear to give fairly close results at very large outputs, 

had at outputs in the neighborhood of 1800 to 1900 hp. the re- 

ts coincide 

l} 


] 


calorimetric method is of particular value in cases where 
‘esired not so much to determine the actual efficiency of a 
4s to control variations of efficiency, for which latter purpose 
provides a simple means. (Le Génie Civil, vol. 82, 
“3, 1923, pp. 604-605, 2 figs., de) 


plant 
t 


no. 25, June 
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INTERNAL-COMBUSTION ENGINEERING 


Bethlehem Diesel Engine and Lowe Burner 
Motor Vehicles 


Application to 


THe New Berntenem Dieser Enaine. Description of two 
forms of a new type of Diesel engine now under construction at 
the Potrero Works of the Union Plant of the Bethlehem Ship- 
building Corporation (Pacific Coast 


Two engines of the three-cylinder 150-hp. type are being built 
lor use in the company’s power plant where they will be put through 
i series ol test \ single-cylinder engine of this design has been 
Potrero Works for about three 
non-stop full load. The 
the low-pressure system of oil 


running on the test stand at the 
fy i 14-day 


particular feature of this engine i 


months, includu run on 


burning without « itside This ls iC- 
Bethlehem 


icturing rights 


irtificial aid in 
complished through the Lowe 


lwnition. 
which the 
Shipbuilding ( orporation has purchas d the manuf 


burn r, lor 


This burt er Consists oO! a simple check valve 
] 


an oil-burning tip. The tip 


In combination with 


is located in a recess in the cylinde 
head and surrounded by a double sleeve valve of thin polished 
steel, so shaped and positioned that all radiant heat which may br 
the 


compression in thie 


fuel oil itself ad 


contained in the inner steel shell is focused on 
p The stored he it ol 


ol combustion ot the 


minute drop 


| 


ol oil nt the HDurner t 


evlinder, and the he 
| 


to the heat of compression, insure ignition at the moment of in- 
jection of the oil. The single-cylinder test engine referred to above 
was operated at compression pressures around 250 lb. Its cylinde 
stroke and bore are 12 in. and 8 in., respectively, and on all of its 


is sald to have never 


tests under all conditions of load the engine 
missed a shot after startin 


The 


and in the experimental engine a scavenging air pressure of about 


mechanical design of the engine is for two-cycle combustion, 


3 lb. was pro ided by erankeas« compression In the three- 
cylinder unit an extra cylinder is installed for scavenging ait 


One teature of 


system ol burning oil in the engine 


Tihve Lowe 
evlinde rs of the two-cycle type Is the by-passing ol a part or the 


scavenging air from the scavenging-air manifold to the top ol eat h 
cylinder, where this air is induced through a small check valve 
This method of handling the scavenging air seems to aid in keeping 
the engine cool under running conditions. The test engine at 
the Potrero Works shows an exhaust temperature never exceeding 
260 deg. fahr. A comparatively small amount of circulating water 
is used and the water seldom rises higher than 140 deg. at the outlet. 

Certain features are of interest. Thus, the only fit between the 
e cylinder is between the shoulder on the head 


cylinder head and tl] 
and the cylinder bore where a small, light copper gasket is squeeze d 
in between the chamber on the 
of the shoulder. There is 


circulation from the 


bore and the 15-deg -angle corner 


© opening in the castings for water 
walls to the head. Water circulation 


between these two is arranged on the outside by a simple pipe 
connection 
Control of the firing of cylinders is arranged entirely through 


the fuel pump. The fuel pump is operated by means of an ad- 
} 


jock link actuated by a rolling-contact lever, which in 


just ible 


turn is actuated by a camshaft. Through a spiral slot on this 
camshaft it is possible by mar ial control to twist the cams 180 deg 
ind reve engin Through a manual adjustment of the block 


in the link any number of variations in the stroke of the fuel pump 


from zero to maximum can be easily obtained. This block is 


under control by compat tiorm ol centrilug il governor, and satisfac- 
tory regulation of the speed of the test unit has been obtained 

The ht, the he: 
imately t hp Th 
design. In 
LWo-cyt le 
stallation on a five-ton 
tion at the Potrero Works. The compression pressure will be from 
200 to 250 Ib. with the engine running at 1200 r.p.m. The bore 
t in. and 7 in., The minuteness of 
the quantity of oil used on each stroke of the engine is indicated 
by the dimensions of the pump, in which the plungers are '/2 in. in 
diameter and have a maximum stroke of '/s in. Careful design 
has been necessary in laying out the link diagrams for the control 
mechanism, so as to give positive control of the pump-plunger 


engine is very lis 


y 
| 
| 





ivy-duty type weighing approx 


106 lb. per sha is brings it close to the range of 


I 
automobile-engine fact, the original article shows a 
four-evlindet 50-hp. motor expressly designed for in- 


truck. This engine is now under construc- 


and stroke are respectively. 
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actuating links. The entire speed control of the engine is from 
foot or hand throttle adjustment of the block on a modified Stephen- 
son link actuated through rolling-contact levers worked by the 
camshaft. (Western Machinery World, vol. 14, no. 7, July, 1923, 
pp. 215-217, 3 figs., d) 


LUBRICATION (See Engineering Materials) 


POWER-PLANT ENGINEERING (Seealso Engineer- 
ing Materials, Railroad Engineering) 


LABeuie’s Giant Unirtows. Data and description of two 
engines now under construction at the LaBelle plant of the Wheeling 
Steel Corporation. These engines are of the reversing type with 
Marshall link and will use steam at 220 lb. pressure and 150 deg. 
superheat. One of them is to drive the 40-in. blooming mill now 
building. The other engine, with flywheel addition, will drive the 
19-in. continuous mill. Each engine has four cylinders 36 in. by 60 
in. and at 75 r.p.m. will develop 13,000 hp. (The Blast Furnace and 
Steel Plant, vol. 11, no. 6, June, 1923, p. 303, 1 fig., d) 

MacHINERY FOR MrxinG Fuert AvromaricaLty. Description 
of an installation at the coaling station at South Junction near 
Plattsburg, N. Y., of the Delaware & Hudson Railroad, where 
the mixing of mine-run bituminous coal with pea anthracite coal 
is effected with simple equipment. 

The operations of receiving the coal in the track hopper, the 
feeding of uniform charges into an elevating bucket, and the de- 
livery of the bucket to the point of dumping over the top of the 
storage bin have remained the same as before. The only change 
has been to provide two track hoppers, one for receiving the an- 
thracite coal and the other for the bituminous coal, Shraeder 
automatic measuring feeders, by means of which the coal is delivered 
to the elevating bucket, being made to serve as the proportioning 
devices for mixing the coal. The bucket itself is utilized as a re- 
ceptacle for the receipt of the mixture from the two feeders. 

To provide means of varying the proportions, two Shraeder meas- 
uring feeders were equipped with diaphragms or vanes made to 
swing out from one of the walls so as to cut off a portion of the 
volume of the chamber and thus change the amount of coal of one 
kind or another being delivered to the elevating bucket. The 
position of this diaphragm is controlled by a serew provided with 
suitable calibrations so that the proportions of the mixture may 
be controlled at will. The operation does not vary from the usual 
arrangement. ‘The elevating bucket, which has a capacity of three 
tons, descends between the two track hoppers and in so doing opens 
the two measuring feeders, causing the two grades of coal to flow 
from each side at the same instant and effect a thorough mixture. 

The plant operates at the rate of 75 tons per hr., performing 
the operations of both mixing and crushing. The proportions of 
the mixing can be modified from a ratio of 65 per cent bituminous 
coal and 35 per cent anthracite to a ratio of 25 per cent bituminous 
and 75 per cent anthracite. The plant is equipped with a Roberts 
& Schaefer direct-connected spur-gear-driven electric hoist con- 
nected to a 25-hp. General Electric motor equipped with solenoid 
brakes. A Cutler-Hammer automatic controller provides for the 
continuous ascent and descent of the elevating bucket, push- 
button control being provided both at the top of the pocket and in 
the hoist house for the stopping and starting of the motor. (Rail- 
way Age, vol. 74, no. 29, June 23, 1923, pp. 1533-1534, 4 figs., d) 


POWER AND PRocEsS STEAM IN A Corron-Goops FINISHING 
Puant, Alfred Iddles. Description of an installation in a cotton- 
goods bleaching, dyeing, printing, and finishing plant which in- 
cludes a combination of non-condensing and bleeder-type turbines. 

The finishing of cotton goods requires a large amount of power 
and heat. In New England the power can frequently be obtained 
from the rivers, but heat has to be generated by fuel. The power 
load does not parallel the needs for heat, so that there is frequently 
much waste of heat. The variation in heat requirements due to 
changing process needs and seasonal heating demands and the fluc- 
tuation in power obtainable from the rivers make it necessary 
to have a very flexible power- and heat-generating plant if the 
maximum economy is desired. 

The present article describes the way in which this problem was 
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met in the Norwich, Conn., plant of the U.S. Finishing Co. Care- 
ful analysis of operating conditions had shown that a combination 
consisting of two non-condensing turbines and one bleeder-type 
turbine could be operated with sufficient flexibility to care for the 
variable electrical load and at the same time produce no more that 
sufficient exhaust steam for the requirements of the mill. By 
the addition of an extra governor valve and proper arrangement of 
the turbine, it was found that the bleeder type could be converted 
into a bleeder and mixed-pressure type. Such a combination wa 
desirable in order that the sudden fluctuation between the ele 
trical load and the exhaust-steam requirements could be take 
care of automatically. 

The installation as finally chosen consists of 

1 Two 750-kw. turbo-generator set 
operating between 175 lb. and 15 lb. gage pressure 


2 One 750-kw. bleeder mixed-pressure geared turbo-generati 


operating with 175 lb. pressure at the throttle, bleeding at 15 I! 
pressure 


non-condensing geared 


and the exhaust from the last stages going to a surfa 
condenser at 28 in. of vacuum 

\ drawing in the original article shows the piping system whi 
was installed for distribution of live steam to the turbines and 
the mill for processes which require pressures higher than 15 Ib 

An interesting feature of this plant is the installation of stea 
flow meters in an effort to account for all the steam produce 
There are both recording instruments which are located in 
power plant and on the gage board, and integrating and recordi: 
meters located in the master mechanic’s office in the mill 

The original article describes in detail the various features of t 
turbine units Textile 


1923, pp. 83-91, 13 figs., dA) 


installation including the operation of 
W orld, vol. 64, no. 1, July > 


RAILROAD ENGINEERING 
Conical-Bottom Tanks in Water-Softening Plants 


New Features IN WATER-SOFTENING PLANTs, C. R. Know 
Description of a type of water-softening plant adopted by the | 
nois Central for twelve units to be used between Clinton, III 
Omaha, Neb. These plants are all of the continuous type 
represent a new design in the construction of the tanks and housing 

The treating-plant houses are of a uniform design and are } 
in two sizes, 20 ft. by 40 ft. and 20 ft. by 60 ft., depending uy 
the capacity of the plant and the amount of storage space requir 
A space of 20 ft. by 20 ft. is reserved for the chemical equipn 
filters, ete., and the remainder is used for storage of chemi 
the smaller house having storage space for two cars of chemi 
and the larger house for four cars. That portion of the hous: 
served for the equipment has a 12-ft. ceiling to allow the nece 
headroom for tanks, shafting, ete., while the storage room | 
10-ft. ceiling, as it is impractical to pile the chemicals in st: 
higher than 8 ft. 

This type of structure increases the cost of the building slit 
but adds materially to its appearance and convenience and 
pleasing departure from the barnlike appearance of many o! 
treating-plant houses formerly constructed. 

The outstanding feature of these new plants is the conical-bot 
tank which is a radical departure from “he commonly ace 
practice of building flat-bottom steel tanks of the standpipe typ 
resting upon a concrete ring filled with broken stone or elevated 
wood tanks of similar design. <A great deal of attention was 
to the tank in designing these softening plants, and the concl: 
reached, which have been borne out in practice, may be of interest 

Some authorities on water softening maintain that the 
ment of the water after leaving the downcomer is at an al 
40 to 60 deg. upward and outward toward the walls of the tank 
and that the water in the angle formed by the bottom and walls 
of the tank may be classified as dead water and should not be con- 
sidered in figuring the available reaction time. This is undou!)tedl 
true to a great extent, depending, of course, upon the relativ: 
peratures of the incoming water and of the water of the tank. I 
the temperature of the incoming water is higher than that 0! the 
water in the tank, the movement as it leaves the downcomer will 
naturally be upward and as the temperature is equalized by contact 
with the water in the tank, it will probably spread toward the 
outside of the tank at an angle from the downcomer. On the other 
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hand, if the temperature of the incoming water is lower than 
that of the water within the tank, the movement will be along the 
bottom of the tank and the dead water will be displaced until 
the temperature of the water is equalized. This is of first im- 
portance in the selection of the type of tank to be used in the 
treatment of well waters. 

The principal advantage of the conical-bottom tank in water 
oftening is found to be in the collection and removal of the sludge 
ind the resultant saving in water used for sludging over the flat- 
bottom tank. This feature alone will pay a good return on the 
ost of the tank. In the flat-bottom tank the sludge is distributed 

er the entire bottom of the tank and its removal necessitates 

construction of an expensive sludge-collecting system, usually 
sisting of pipe with openings placed at intervals over the bottom 
the tank, the most efficient of which are so arranged that the 
tem may be operated in sections with from two to four sludge 
ves for each tank 
ted that the collecting pipes may be rotated over the bottom 
the tank 


factory, 


Another type of sludge system is so con- 


None of these systems has been found entirely 
however, as they will not completely remove the 
ge and are wasteful of water, as the sludge nearest the outlet 
e first to be picked up and from two-thirds to three-fourths 
e openings are discharging clear water long before the sludge 
the outer edge of the tank is disturbed. 
he sludge falls to the bottom of the conical-bottom tank and 
imulates in the mud drum or riser where it is easily removed 


igh a single opening and with a minimum waste of water. 
\ctual tests to determine the amount of water in removing sludge 
w that the flat-bottom tank requires from four to eight times 
water than a conical-bottom tank, depending on the efficiency 

e sludge system and the amount of sludge deposited. 
sts were carried out to determine the amount of water required 
move the sludge from tanks. In the case of a flat-bottom 
22 ft. in diameter, after 12 hr. operation, during which time 
000 gal. of water had been treated, the sludge amounted to 
roximately 520 Ib. About 5000 gal. of water was used to re- 
it, and even after that the tank was not clean by any means 


When the tank was drained it was found that sludge had accumu- 
| to a depth of 3 ft. all around the edge of the tank and there 
i i great deal of sludge between the sludge lines 


similar test was made with a conical-bottom treating tank 
“s it. in diameter. After 60 hr. operation, during which time 
(}).000 gal. of water had been treated and the sludge deposit 
ted to over 4000 Ib., it was found that 2300 gal. of water 
ifficient to remove the sludge completely. Other advantages 
conical-bottom tank, such as rate of upflow, are discussed 
original article. (Railway Engineering and Maintenance, 

9, no. 7, July 1923, pp. 273-276, 5 figs., d) 


R 


“VRIGERATION 


ciric VOLUME OF SATURATED AMMONIA Vapor, C. 8. Cragoe, 
| MeKelvy, and G. F. O'Connor. The specific volume of 
‘urated ammonia vapor was measured in the temperature inter- 

” to +50 deg. cent. by two methods, one involving a direct 
ictermination of the mass of the vapor contained in a known vol- 
! ind the other an optical method, involving measurements 
index of refraction of the vapor. 
ree picnometers of different total volumes were used in the 
irements by the direct method. The effect of adsorption 


W tudied and found to be of a magnitude comparable with 
the limit of accuracy of that method. 

lwo methods of measurement were used, and the possible sources 
ol error in the two methods are discussed. The final results are 
represented closely by the empirical equation: 


loge w’ oe | 
4 


+ 0.0862366+/ 406.1 — @ + 0.002667 (406.1 — @) 


0.106887 + 0.0356803 logic | 


in which u’ is expressed in cubic centimeters per gram and @ in 
degrees absolute (deg. abs. = deg. cent. + 273.1). (Scientific 
Pap r of the Bureau of Standards, no. 467, Mar. 17, 1923, pp. 707- 
(35, 4 figs., e) 


MECHANICAL ENGINEERING 547 


VARIA 
American Continent Hydroelectric Power Scheme 


Data concerning a novel power scheme to cover the entire conti- 
nent of North America, that is, not only the United States proper, 
but also Alaska and Canada 

The new scheme is based on what is called the diversity factor of 
the main river systems of the North American continent, together 
with the oscillating power demand over the entire continent due to 
differences in time If one looks at North America as one vast 


hydraulic engine, it may be eonceived as throbbing with power 


throughout the year. It is not only the regular water levels that 
oscillate The flood crests too are spaced out over the year, and 
form headwaters to sea level As the floods move down the 
rivers past successive power plants they lengthen the period of 
Inaximum power in their water sheds The lakes, including the 
Great I ikes, ire likewise \ iriable in volume and le vel in a cycle 
running almost seven years from low to high and the excess water 
of the peak Veurs Can bs impounded and u ed is a booster for a 
continental power syste 

In addition to the storage of water from the lake system, storage 
works mav be built to realize the utmost constant powel from 
streams with high head water. On the bulk of the low-head 
streams, however, power-plant construction will take the form of 
“over deve opment that is, the construction of powel plant in 
series Irom fhe idw iters te mouth to develop the flood power ot the 


stream as it comes down 

It is claimed that a smaller total of storage will be required to 
produce the same amount of constant power from a continental sys- 
tem than would be needed for plants developed apart. The extent 
to which the Great Lakes alone could be used as reservoirs ol powel 
to boost a continental system through a seasonal or cyclical low 
water period seems almost without limit. Storage of one extra 
foot of water in the Michigan-Huron system would make available 
power in enormous quantitise. 

The problem of the transmission of power in a manner that would 
make the continental system possible is not considered by the 
authors of the article as excessively difficult of solution. Two hun- 
dred and twenty thousand volt power lines are already in commercial 
operation. To make the water power of the Sierras available to 
the prairie states lines up to 350,000 volts may be required and the 
Tribune’s investigations point to the necessity of using still higher 
voltages, figures of 1,000,000 and 2,000,000 volts being mentioned 
as within the bounds of possibility within comparatively short time. 

It is claimed that a continental system will develop far more pri- 
mary power than America will need for generations, but there are 
forces now in evidence in agriculture, transportation and industry 
which will make it increasingly possible to coérdinate industrial 
effort to periods when the greatest volume of power is avail- 
able. It seems highly probable to the Tribune investigators that 
in the streams of Canada and Alaska may lie the solution of the 
whole low-water problem. These rivers head in snow and ice and 
come to full flood as the southern streams are receding. From their 
connection with lake systems it seems probable that the application 
of storage methods will make it possible to impound the flood from 
melting snow and ice for regulated discharge over the period in whic’ 
the streams of the south reach their low level. 

The minimum potential water power of the United States based 
on the average periods of lowest flow in each year is estimated to be 
about twenty-eight million horsepower. This does not include the 
smaller streams and leaves out Canada. The horsepower capable 
of development under a continental system is estimated to amount 
to two hundred and eighty million horsepower. This is approxi- 
mately more than twice the power of all kinds now installed in the 
United States and most of this installed power is employed for only 
brief periods of time. (Chicago Sunday Tribune, Aug. 5, 1923, g) 


CLASSIFICATION OF ARTICLES 


Articles appearing in the Survey are classified as c comparative; 
d descriptive; e experimental; g general, h historical; m mathe- 
matical; p practical; s statistical; ¢ theoretical. Articles of especial 


merit are rated A by the reviewer. Opinions expressed are those 
of the reviewer, not of the Society. 





Test Code tor Stationary 





Steam-Generating Units 


Preliminary Draft of Another Code in the Series of Nineteen Being Formulated by the A.S.M.E. 
Committee on Power Test Codes 


N 1918 the Committee on Power Test Codes was reorganized by the 

Council of The American Society of Mechanical Engineers to revise 

and enlarge the Power Test Codes of the Society published in 1915. 

The committee consisis of a main committee of twenty-five members under 

the chairmanship of Fred R. Low, and nineteen individual committees 

of specialists who are drafting test codes for the various prime movers and 
the other apparatus which comprise power-plant equipment. 

The individual committee which developed the Test Code for Stationary 
Steam-Generating Units is headed by Edwards R. Fish as Chairman, 
the other members being Arthur D. Pratt, Alex. D. Bailey, Albert A. Cary, 
and Edwin B. Ricketts. 


member of this committee. 


William N. Best, now deceased, was also a 


The committee and the Society will welcome suggestions for corrections 
or additions to this draft of its code from those who are specially interested 
These 
comments should be addressed to the Chairman of the Committee in care 
of The American Society of Mechanical Engineers, 29 West 39th Street, 
New York, N. Y. 


in the manufacture and use of stationary steam generating units. 


INTRODUCTION 


1 The Test Code for Stationary Steam-Generating Units applies 
to the boiler, fuel-burning apparatus of whatsoever nature, super- 
heaters, and economizers, but not to apparatus required for their 
operation such as engines or motors for driving stokers, feed pumps, 
ete. Economizers are considered as part of the generating units, and 
the form of test report provides for their inclusion in an overall 
test. They may be divided into two general classes, (a) separate 
economizers, being those with their own housing and connected to 
the boilers with flues, and (6) integral economizers, which are con- 
tained within the boiler setting and through which a part of the 
boiler circulating water may or may not pass. 

Observations when testing steam-generating units equipped with 
the first-named class may readily be separated so as to either include 
or exclude the economizer in the results. In the case of the second 
class, however, it is practically impossible to segregate the econo- 
mizer from the boilcr, and tests of units so equipped should be con- 
ducted and reported as if the economizer was a part of the boiler 
proper, full notes being made to that effect. 

2 Boiler testing should not be lightly undertaken by any one 
who has not had some training under an experienced testing engi- 
neer if reliable results are to be expected. The whole matter 
should be thoroughly understood, both theoretically and prac- 
tically. Accurate tests depend very largely upon the care and 
faithfulness of the observers. It is much easier to make mistakes 
than is realized by those who are not familiar with practical testing. 

The absolute accuracy of the results of a boiler test, even when 
conducted with the greatest care, is doubtful, but there is as yet 
no possible basis upon which to determine what the probable 
limits of error might be. It is generally conceded, however, that 
there are several sources of indeterminate error, the more important 
of which are discussed below. The limits of accuracy of a test 
may very reasonably be taken to be within plus or minus 3 per cent. 

One of the sources of probable error is the sampling of coal. 
Even when the greatest care is taken to obtain a representative 
sample, there may be an indeterminate error in ascertaining the 
heating value of the coal, even though the laboratory analysis is most 
reliable. With modern apparatus these laboratory determinations 
should be substantially correct as. regards the sample tested; but 
the question as to how truly the same represents the whole is always 
present and cannot be answered indubitably. 

Another source of error is the moisture contained in the coal. 
As explained in the preceding paragraph, the sampling is more 
or less uncertain. It is contended by some that if the attempt 
is made to determine the moisture during the test, the methods 
of drying and weighing are unreliable; while others contend that 
though the moisture as determined in the laboratory is accurate 
so far as the sample delivered to the laboratory is concerned, this 
sample probably does not represent the bulk of the coal actually 
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burned, since there must inevitably have been more or less loss 
of moisture during the collection, preparation, and handling of 
the sample. 

Similarly, it is problematical whether the samples collected for 
the determination of the moisture in steam and for gas analysis 
are representative of the bulk, although the testing of the samples 
obtained may be quite accurate. 

It is not unusual for heat balances to be reported to the nearest 
B.t.u. and to the nearest one-tenth of 1 per cent. But the present 
state of the art of boiler testing does not proy ide means for attain 
ing anything like this accuracy. In general, results should bx 
reported only to the nearest significant figure. Reporting result 
of any kind in small units is likely to convey an erroneous idea a 
to the real accuracy of the figures. 

It is therefore quite logical in the case of guarantee tests that 
a substantial compliance with the guarantee be accepted as fu 
compliance therewith. <A limit of tolerance should be agreed upo 
beforehand by the parties to the test. The amount of this tolerance 
might well bear some relation to the care exercised in arranging 
the details and in the conducting of the test 


OBJECT AND PREPARATIONS 


3 Definitely determine the object of the test and keep it cor 
tinuously in mind. Take the dimensions, note the physical cor 
ditions, examine for leakage, install the testing appliances, et 
as pointed out in the “General Instructions,” l to 4, a 
make preparations for the test accordingly. 

4 Determine the character of the fuel to be used. 

5 In guarantee tests with fuel of a specified heating value 
other characteristics, there should be a clear understanding as 
the permissible variation from the specified characteristics 

In guarantee tests of a waste-heat boiler, the performanc: 
which is dependent upon gas weight and entering gas temperatu 
there should be a clear understanding as to the method to be us 
in the determination of the gas weight and the measurement of t 
gas temperature. 

6 If the size of coal is to be reported, it should be determine: 
accordance with Pars. — to — of the Test Code on Fuels. 


Pars 


INSTRUMENTS AND APPARATUS 
7 The instruments and apparatus required for boiler test 


(a Seales for weighing coal, oil, or other fuel, ashes, furnace ref 


Graduated scales attached to the water glesses 


( Tanks or tanks and seales for volumetric or weight 
ot water 
d) Meters or other apparatus for measuring gaseous fuels 
Pressure gages, thermometers, pyrometers and draft gage 
(f Calorimeter for determining the quality o° the steam 


g) Gas-sampling and analyzing apparatus. 


8 Full directions regarding the design, use, and ealibrat ' 
the above-mentioned appliances are given in the Code on Ih 
ments and Apparatus, Pars.—to 
9 As no two plants are alike, it is quite impracticable to ci 
than suggest how and where the various instruments shot 
located. 


9a Fuel-weighing apparatus should be near the point where t 


is to be used, under direct observation of and convenient to the | 
charge of the test. The weighing of refuse may be done at any con 
point. 
9b The water-glass scale should be so attached that the breakir 
glass will not disturb the scale. | 


9c The water-weighing or measuring apparatus if other than a 
should be arranged in an easily accessible place and made as con 
as practicable. It should also be under the direct observation of t 
in charge of the test. 

9d Meters or other apparatus for measuring gaseous fuel may be 
in such locations as conditions dictate. ( 


9e Pressure gages should be away from any disturbing influence 4 
as extreme heat, and in a position to be easily read. Thermometers !0r i 
determining atmospheric temperatures should be placed so as to give “2 
average indication away from cold or hot drafts, etc. A 
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{ thermometer well for measuring feedwater temperatures should be 


is close to the boiler inlet as possible and the pipe between boiler and ther 

‘ mometer should be well protected with heat-insulating covering. 
Saturated-steam temperatures may be measured at any point in the 
eam pipe where the pressure is the same as that where the temperature 
lesired, care being taken that the well is not cooled by the condensate 


» temperature and pressure of superheated steam should be measured 


S lose to the outlet of the superhe iter as possible, eliminating all lo 
{ pressure drop and radiation between the superheater and thermomete 
Pyrometers of any type must have the part on which the heat impinges 
ited that the temperature which it is desired to measure is actuall 
I ned Much experience and good judgment are essential in order t 
tain even approximately reliable readings. 
« Draft at the gas outlet is usually measured if nowhere else It 
desirable to know the draft at other points of the setting, in wh 
the several location hould be chosen to suit the information w 
ld be exer¢ d to see that the ends of the connecting | 
il t tructed and that the open ends are not subject to other th 
’ ! ires. All joints of draft-gage connections must be tight. 
rhe sampling tube of the calorimeter should be as close to the 
h the quality of steam is desired as possible All exposed | 
h condensation might influence the result must be well la; 
ly the quality of the steam k ng the boiler r that ente 
iter, is desired 
ft Analysis of the exit gases is usually what is taken, but very freq 
ire wanted from other points. Sample tubes must be so located 
the gas t e an zed enters the tube and precautions taken 
t the possibility of inleakage of air anywhere in the line The g 
ing apparatus should be in a readily accessible and pr tected | 


od light and convert 
A tu Pars to 


cilities. See Code on Instruments 


OprERATING CONDITIONS 


Determine what the operating conditions and method of 
should be to conform with the object in view, and see that 
prevail as nearly as possible throughout the trial. 

7 11 The duration of tests to determine the efficiency of a steam- 

generating unit burning coal either hand or stoker fired should 

rably be 24 hours, but where operating conditions do not per- 

r other considerations make it advisable or necessary the 

of test may be reduced to not less than 10 hours. When the 

combustion is less than 25 lb. of coal per sq. ft. of grate 

per hour the test should be continued until a total of 250 

sq. It. of grate area has been burned, except that In cases 


i type of stoker is used that does not permit the quantity of 
or) the condition of the fuel bed to be accurately estimated 

luration of test should not be reduced below that required to 
Ze the error 


12 In the case of a unit using pulverized fuel the duration of 
uld be not less than 6 hours, and for liquid or gaseous fue 
than 4 hours 

In the case of a waste-heat unit, where the 
lustrial furnace is continous and furnace conditions are con- 
he duration of the test should be not less than 6 hours 


he industrial-furnace operation is in cycles, the test should 


operation ol 


ich duration as to cover at least one cycle of furnace op ration 
In tests conducted under plant-operation conditions where 
ervice requires continuous operation night and day, with 

ent shifts of firemen, the duration of test should be at least 
-t hours. Likewise in such tests, either of 


; 


a single boiler or of 
plant of several boilers which operate regularly a certain num- 
hours and during the remainder of the day are banked, the 
m should be not less than 24 hours. 


The duration of tests to determine the maximum evapora- 
ipacity of a steam-generating installation, when the efficiency 
is not determined, should be not less than 2 hours, unless otherwis« 
greed upon, 


STARTING AND STOPPING 


Combustion, fuel, draft, and temperature conditions, the 


W level, rate of feeding water, rate of steaming, and the steam 
pressure should be as nearly as possible the same at the end as at 
the beginning of the test. If an economizer is included in the unit 
tested the average temperature of the water within it should be 
ti 


the same at the start and end of test. 

17 To secure the desired equality of conditions with hand- 
ired boilers, the following method should be employed: 

lhe furnace being well heated by a preliminary run at the same com- 


stion rate that will prevail during the test and sufficiently long to thor- 
Oughly heat the setting, burn the fire low and thoroughly clean it, leaving 


7 bu 
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enough live coal spread evenly over the grate (say, from 2 to 4 in to serve 
is a foundation for the new fire. Note quickly the thickness of the 

bed as nearly as estimated or measured, also the 
ind the time, and record the latter 
Fresh coal should then be fire 


it can be water level, the 
team pressure, is the starting tim 


from that weighed for the test, the ashpit 


thoroughly cleaned ind the regular work of the test pre ceeded with. 
Before the end of the test the fire should again be burned low and cleaned 
n i ner to le the same amount of live coal on the grate as 
t the start W! tl ndition is reached, observe qu y the wate 
1 +} , 
the stean re 1 the time, and record the latter the stop} 
tir lf t wat wer or higher than at the b 
t , nit it t i I edu 1 
bir t ! rom t pit 
I ‘ | 
( l 
l f lit 
\ lin wor 
( ¢ 
' t} 
t ‘ ’ 
8 i 
In r! 
t ter tl the a 
] 
LS ed equalit Ol Mai yT 
) 
( inical t thie above pre ire sie ild pe ! 
] 
follow 
Stolk t apy 1 , the rat 
| t i t 12 | irs before starting t \ 
tart lf test eit yal in stoker hx pper. M 
nd stopping ervatior in hand fired tests. 
Isa «6S f the ¢ tinuous-Dumping Type. The desired operati: 
iditions, i.e. speed and stroke of coal-feeding mechanism, speed of grat 
tensity of draft or | t, and rate of water feed should be maintained 
nearly cor e for at least one hour, and preferably for tw 
I r befor star | ping the te -* 
1s i] Ir nittent-Dumping Type. Proceed as ib 
except that st 1 be cleaned about one hour before starting 
before pI 


© obtain the desired equality of conditions when pulver 
ized, liquid, or ga 


employed 


is fuel is used, the following method should bi 





the test under the fue furnace, and combustion conditions whi 
to be 1 tained t it the test for a period of not k thu 
! ] | tel tur 1 pressure and draft conditions ild 
ept near nstant as possible during this period and thro 10ut tl 
Che reference bove for hand-fired tests to starting and st« 
tions | | for pulverized-, liquid-, and gaseous-fuel test 
20 In the ease of a waste-heat boiler set in connection with 


an industrial furnace the operation of which is continuous, the 


rules governing the starting and stopping of tests with pulverized 
liquid, or gaseous fuels will apply. Where the industrial furnac 
operates In evcles, the start and end of the test should be at the 
same point of two or more successive cycles. Starting and stopping 
observations should be in accordance with the previous rules 


RECORDS 


21 Tl eC records of data should be obtained as pointed out 
Tables la to 126 Readings of 
intervals are usually sufficient. 


the instruments at 
If there are 
should be 


may be 


15-minute 
sudden and wide 


fluctuations, the readings 10-minute 


taken at inter- 


vals, or at such frequency as 
nature of the 


necessary to determine tl 
true 


22 The approximate quantity of fuel needed each hour shoul 


be determined, and if the quantity 


variation 


required and inconvenience 
the whole amount should b« 
delivered on the firing floor at the beginning of each hour. 


due to lack of room is not too great, 
If any 
is left at the end of the hour the quantity should be estimated li 
this way the amount of fuel used per hour can be determined and 
the approximate results be followed from hour to hour. 

If the whole amount cannot be delivered at the beginning of t! 
hour, convenient quantities may be weighed out at appropriate 
intervals so as to come out about even at the end of the hour 
When hopper scales are used, receiving coal from bunkers and 
discharging directly into furnace hoppers, hourly quantities may be 
roughly determined by estimating furnace conditions. These 
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hourly quantities should be properly noted on the log sheet. They 
are taken as a matter of convenience and guide, but only the totals 
are to be used in the final calculation. 

23 The records should be such as to ascertain also the approxi- 
mate consumption of feedwater each hour, and thereby determine 
the degree of uniformity of evaporation. The maintenance of a 
uniformity of evaporation is greatly facilitated by the use of some 
form of graphic recording steam meter, which should be so placed 
us to keep continuously before the operator the rate of evaporation. 
Since the indications of this meter are not-used in any of the test 
calculations, extreme accuracy is not essential. 

24 Quality of Steam. If the boiler does not produce super- 
heated steam, the quality of the steam should be determined by 
the use of a throttling or separating calorimeter in the manner 
pointed out in the Code on Instruments and Apparatus, Pars. 

to —. If the boiler has superheating surface, the temperature 
of the steam should be determined by the use of a thermometer 
inserted in a thermometer well, as pointed out in Par. — of the 
above-mentioned code. 

25 Sampling Fuel. During the progress of the test fuel should 
be regularly sampled for purposes of analysis, as pointed out in the 
Test Code on Fuels, Pars. — to 

26 Ashes and Refuse. The ashes and refuse withdrawn from 
the furnace and ashpit during the progress of and at the end of 
the test should be weighed, as far as possible, in a dry state. If 
wet, the amount of moisture should be ascertained and allowed 
for, a sample being taken and dried for this purpose. This sample 
may also serve for analysis. 


Ash sampling is at best subject to large errors, and every precaution 
should be taken to insure as representative a sample as possible. If suffi- 
ciently hot to allow combustion to proceed, ash should be thoroughly quenched 
with water immediately after dumping into the ashpit. Enough time 
should elapse before weighing to permit the heat of the refuse to drive out 
most of this moisture. If possible, all the ash should then be passed through 
a crusher, thoroughly mixed, and reduced to a laboratory-size sample by 
successive quartering. If it is impracticable to crush all the ash, the clinkers 
and fines should be placed in separate piles, and each pile weighed and 
sampled separately, the two samples being combined in proportion to the 
relative weights of their respective piles. 


27 Calorific Tests and Analyses of Fuels. The quality of the 
fuel and of the furnace ash and refuse should be determined by 
calorific tests and analyses of the fuel sample above referred to. 
Directions for obtaining samples and making these tests and 
analyses will be found in the Test Code on Fuels under the head- 
ings ‘Fuel Calorimeters” and ‘“Fuel-Analysis Apparatus,” 

to 

28 Analyses of Flue Gases. For approximate determinations 
of the composition of the flue gases, the Orsat apparatus or some 
modification thereof should be employed. Gas samples should 
preferably be taken continuously, but if momentary samples 
are obtained the analyses should be made as frequently as possible, 
noting the furnace and firing conditions at the times the sample are 
drawn. Where the firing is intermittent, gas samples should be 
taken at such intervals that the complete firing cycle will be covered 
by the average of individual readings. If the sample drawn is 
a continuous one the intervals may be made longer. Where the 
unit includes an economizer, gas analyses should be made at both 
boiler and economizer outlet. 

Fuller directions will be found in the Code on Instruments and 
Apparatus, under the heading ‘Gas-Analysis Apparatus,” 

-o—. 

29 Smoke Observations. In tests requiring a determination 
of the amount of smoke produced, observations should be made 
regularly throughout the trial at intervals of five minutes, or if 
necessary, of one minute. For observations covering a period of one 
or more single firings with solid fuel, the intervals should be one- 
quarter minute or less. 


Pars. 


Pars. 


30 Appliances and Methods Pertaining to Smoke Determination. No 
wholly satisfactory methods for either quantitative or qualitative smoke 
determinations have yet come into use, nor have any reliable methods 
been established for definitely fixing even the relative density of the smoke 
issuing from chimneys at different times. One method commonly em- 
ployed, which answers the purpose fairly well, is that of making frequent 
visual observations of the chimney at intervals of one minute or less for a 
period of one hour and recording the observed characteristics according to 
the dezree of blackness and density, and giving to the various degrees of 
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smoke an arbitrary 


following 


percentage value rated in some suc’) mounner as the 





SMOKE PERCENTAGES 


Dense black 100 Light gray 20 
Medium black SO Very light 5 
Dense gray 60 Trace l 
Medium gray 10 Clear chimney 0 


The color and density of smoke depend somewhat on the character of the 
sky or other background, and on the air 
when the observation is made, and these 
in making comparisons. 
personal errors 


ind weather conditions obtaining 
should be given due consideratior 
Observations of this kind are 
ind errors of judgment. Nevertheless these methods ar 
useful especially when the results are plotted, according to the percentag 
scale determined on, so that a graphic representation of the changes car | 
be shown. The observations should be considered as only roughly i 
dicating the smoke c ynditions and are comparable only when made by tl 
same observer. 


subject t 


] 
aiso 


Various forms of charts and clouded-glass arrangements for compari! 
and fixing smoke densities have been proposed, and to some extent us 
but these have proved more or less unsatisfactory and they are 
personal errors, and to sky, wind, and weather conditions 
simpler method above described. 

Among the chart methods referred to, the use of the Ringelmann sm 
chart is perhaps the most familiar. 


subject t 


, the same as t! 


Another method of smoke determination consists in the use of a narr 
flat metal plate suspended in the flue, the character of the smoke being 
dicated by the amount and quality of the soot and dust deposited up 
the plate in a given time. This method, like others, is useful in furnishi 
a means of comparison in different cases rather than a means of exact 
termination. 

Among the latest methods brought out for indicating and recording t 
density of smoke is one depending on the variations in the electrical « 
ductivity of the metal selenium due to variations in the intensity of lig 
shining upon it. Openings are provided on either side of the flue direct 
opposite each other. The selenium is located at one opening and a str 
light at the other. The intensity of the light rays falling on the seleni 
varies with the density of the smoke. A milliampere meter in circuit wi' 
the selenium cell registers the variations. 

Ringlemann Smoke Chart. A Ringlemann smoke chart is shown wit 
full-size spacing in Fig. 1. To use this chart, four cards are ruled 
those shown, though covering a much larger area, and placed in a horizont 
row about 50 ft. from the observer, and in line between him and the chim: 
together with two other cards, one of which is white and the other s 
black. The observer glances rapidly from the chimney to the cards 
judges which one corresponds with the color and density of the smo 
He makes these observations every minute, or oftener if desired, recording 
the number of the card representing the character of the smoke at the 
stant of observation. The results are then plotted on a chart, and 
variations shown graphically. 

The lines in cards 1 to 4 are respectively 1, 2.3, 3.7, 
and the spaces 9, 7.7, 6.3, and 4.5 mm 


black india ink. 


and 5.5 mm. tl! 


The lines should be made 


Fic. 1 
31 Chart. In trials having for an object the determin 
and exposition of the complete boiler performance, the entiré 


RINGLEMANN SAMPLE CHART 


of readings and data should be represented graphically 


Appendix A. 
CALCULATION OF RESULTS 


32 The test report should state the source 
ants or other values used in the computations 
33 It is recommended that a record be kept of the energy 
by auxiliaries immediately connected with the steam gene! 
unit being tested and a specific note made thereof; no deduct 
however, shall be made on the report forms or in computing results 


f numerical 


~_ 


s 


unless the object of the test so requires, in which case the r 
should specifically so state. This applies to steam or power us’ 
driving stokers or other fuel-feeding apparatus, oil burners, !ans 
feed pumps, soot blowers, etc. 


DaTA AND RESULTS 


34 The data and results should be reported in accordance 
with the tables given herewith, using the proper table for the 
class of fuel burned. If necessary, items of data not provided 
for may be added, or if certain items are not required such may 
be omitted, as may conform to the object of the test. Unless 0 her- 
wise indicated, the quantities should be the average of the observa- 
tions. 

APPENDIX A 
Cuart oF OBSERVED Data 


APPENDIX B 


ISOCALORIFIC AND ISOVOLATILE CURVES 











—— ee 
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TaBLE la Data AND Resuuts, Test or SratTiIonary STream- Aourly Quantitic 
GENERATING Unit. Soum Fuets—As Frrep—Dry 69) Duration of test hr. 
(70) Fuel as fired per hour lb. 
GENERAL INFORMATION (71) Dry fuel per hour Ib. 
1) Date of test 72 Fuel as fired per sq ft. of grate per hour Ib. 
2) Location of plant 73) Fuel as fired per sq. ft. of retort or per burner per hour lb. 
3) Owner of plant 74) Dry fuel per sq. ft. of grate per hour lb. 
i Maker and type of boile1 75) Dry fuel per retort or per burner per hour lb. 
5 Maker and type of superheater 76 Combustion space per lb. coal per hour (as fired, dry cu. ft 
6 Maker and type of economizer 77 Refuse per hour Ib 
7 Maker and type of air heater is Actual water per hour lb. 
S Maker and type of fuel-burning equipment ‘yy Factor of evaporation Ib 
; Test conducted by ( I jiu ent « iporation per hour lb 
Object of test S0a) Boiler C] iverage hp 
Description, Dimensions, Exc Ref 
Boiler heating surface sq. ft s ‘ r ce I fuel ¢ fired, dry per cent 
Superheater surface ¢ . entage of combustible in refuse per cent 
heonomizer atom - ‘3) Carbon burned per Ib. fuel (as fired, dry) lb 
} Air heater surface ‘ f+ 
Grate surfac - ft Eva 
f Fuel burning « _ s4 Act per Ib. fuel fired, dry lt 
Draft ’ D t porat 1 per lb. fuel 4 fired, dr Ib 
° Fuel J evapor n r lb. dry fuel it 
) Volum ml tion os t . I t poration per sq. It heatin ri per lt 
Furnace, center of grate to nearest heating surface t _ , 1000 B.t.u. absorbed per | 
ae e pt ‘ an + ‘ hie r per hour B.t.u 
1 per cent 
, vp Gas ANALYSES AND Data By 
] ’ 
I { Dry 1 I } | t ‘ pert er | rh ‘ grates 
\ itlie matter per cent ! heater er cent 
Fixed car per cel 1 Ifficic | economizer per cent 
\ per cent 
M iI hres per cent PaBte 1b Hear BALANCE OF STEAM-GENERATING Unit 
B.t.u. per Ib. (as fired — _— Soup FUELS 
B.t.u. per lb. (dr \ MPOLID I ! 
Fusion temperature of deg hr ] B.t.u Per cent 
, Size of coal fired ) Heat at bed by water and steam in boiler 
r and superheater 
‘ te Analy q Heat absorbed by water in economizer 
Carbon per cent O4 Heat loss due to moisture in coal 
Hydrogen per cent 05 Heat loss due to water from combustion of 
Oxygen per cent hydrogen 
Nitrogen per cent Of Heat loss due to moisture in air 
' Sulphur per cent Ve Heat loss due iry chimney gases 
Ash per cent OS Heat loss due to incomplete combustion of 
cart l 
G 99 Heat loss due to unconsumed combustible im 
Gas analysis, furnace reluse 
Per cent COs. O» CO.. N; sO, 100 Heat loss due to unconsumed hydrogen and 
Gas analysis, boiler outlet hydr rbons 
Per cent CO: ra CO N; sO: 101 Heat | lue to radiation and unaecounted 
‘ Gas analysis, economizer for 
Per cent CO, Or» CO N:; SO 
) Gas analysis, air heater TABLE Ie Computations ror Tresr OF STATIONARY STEAM- 
Per cent CO; O; co N: SO; GENERATING Unit. Soutp Fue 
Dry gas per lb. fuel, furnace (as fired, dry) lb 
Dry gas per lb. fuel, boiler outlet (as fired, dry) lb EXPLANATION OF SYMBOLS 
: Dry gas per Ib. fuel, economizer (as fired, dry) Ib Wherever CO:, O., CO and Nz: are used they are the percentages by vol- 
Dry gas per Ib. fuel, air heater (as fired, dry) Ib ume of these constituents in the gases of combustion. 
Dry gas per Ib. fuel, theoretical (as fired, dry) Ib H total heat (in B.t.u. per Ib.) of saturated steam at the boiler 
») Air supplied per Ib. fuel, furnace (as fired, dry) lb outlet pressure 
: Hy total heat (in B.t.u. per lb.) of superheated steam at the super- 
f and Drafts heater outlet pressure. 
f Moisture in air Ib. per Ib. air h = total beat (in B.t.u. per lb.) in feedwater at boiler inlet. 
Steam pressure by gage, boiler Ib. per sq. in. hy = total heat (in B.t.u. per lb.) in feedwater at economizer inlet 
‘) Steam pressure by gage, superheater outlet Ib. per sq. in. L = latent heat (in B.t.u. per lb.) in steam at pressure in steam main 
, Air pressure in ashpit zone, at burners in. of water to = temperature of steam after expansion in calorimeter. 
Draft in furnace in. of water T 13 initial temperature of water for quenching ashes. 
Draft at boiler outlet in. of water T final temperature of water for quenching ashes. 
Draft at economizer outlet in. of water W weight of water used per hour for quenching ashe 
Draft at air-heater outlet in. of water G 
JENERAL 
Ter lures If test is on a dry basis, draw a line through “‘as fired’’ wherever the words 
r4 Steam temperature deg. fahr ‘‘as fired, dry’’ appear together, and vice versa. Whichever basis is chosen 
Moisture in steam per cent must be followed throughout. Percentage results in heat balance will be 
Superheat deg. fahr. the same in either case 
‘Tarn rature of air surrounding boiler, 7; — ee Item 11 to 14—Heating surface shall consist of that portion of the sur- 
‘) Temperature of air entering air heater, 7: deg. fahr. face of the heat-transfer apparatus exposed to both the gases being cooled 
') Temperature of air leaving air heater, 73 deg. fahr and the fluid being heated at the same time computed on the gas side. 
) Temperature of air for combustion, 7's dew. fahr. Item 15—The projected area within the four walls surrounding the grate. 
| Temperature of air furnace, 7’ dew, fahr. Item 17—State whether natural, forced, induced or a combination of 
Temperature of gases leaving boiler, 7's deg. fahr. one or more kinds of draft were employed. 
}) Temperature of gases leaving economizer, 77 deg. fahr. Item 18—State general class of fuel, as anthracite, bituminous, wood 
64) Temperature of gases leaving air heater, 7's deg. fahr. Tefuse, etc. Also give district where produced. 
: Temperature of feedwater entering boiler, 7's deg. fahr. Item 19 The cubic — provided for the combustion of fuel before 
') Temperature of feedwater entering economizer, T'0...deg.fahr. the products of combustion pass through any heating surface. 
‘) Temperature of water in boiler at point where Items 22 to 35 = As fired analysis items = dry analysis items < 
gases leave boiler, 7'n deg. fahr. Item 25 
(08) Temperature of fuel, Ti. . deg. fahr. (: 100 ) 
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] 11 CO: + 80; + 7(CO + N:) 
tems 40 to 43 = om ‘7. xX Item 83. 
: 3(CO2 + CO) 95 Heat loss due to moisture in coal, moisture 
> ‘ » 26 2¢ ° ° 
Use data from Items 36 to 39 accompanying theoretical air and water 


UNAVOIDABLE Losses B.t.u Per Cent 


Item 44 12.52 X Item 83 4 26.56 &K Item 31 + 3.325 & Item 34 + Item 33 from combustion of hydrogen, up to 71 
= 100 wh Heat loss due to theoretical dry gases, 7 sto 
9 X Item 31 100 — Item 81 T 
Item 45 Item 40 + 100 100 07 Total un ivoidable losses 


Item 46—For methods of determination see code on Instruments and 
Apparatus Par.—. 
Item 55—Determine either from charts or the following formula 


OrneR Losses 


(ON Heat loss due to combustible in refuse 


- Og Heat loss due to sensible heat in refuse, cit 
100 & H — 1150.4 — 0.47 X (te — 212) psllaggebie pales 
, L (100 Heat loss due to unburned gaseous com 
i ; i yustibles 
Item 77 combined weight of ashes and cinders produced during test bustibl 


. ° i) . Oss » ‘ , ‘<8 » ou nn 
divided by Item 69. In tests of large boilers where it is impracticable to 101 Heat | due to exec ur entering furna 


. . : eee ine ist PAcCO ) gs e, Tito 
determine the amount of refuse by weighing, Item 77 may be calculated as and moisture accompanying same, Tyto 7 


follows 102 Heat loss due to theoretical dry gases, mois 
’ - ture in coal, moisture accompanyving theo 
iain tem 2 <% Item 70 (or 71 retical air, and moisture from combusti 
6 100 — Item 82 of hydrogen, 7, to 7% 
I ™ Item 55 103 He it loss due to excess air entering furn ice 
H 100 h ind moisture accompanying same T to 
Item 79 For saturated or wet steam — 7 
9,0 . 
H , 1 104 Heat loss due to air and moisture leaking 
I + hroug wolle se i o Ts 
For superheated steam) = — — through boiler setting, 7; to 7 
970.4 10. Heat loss due to unconsumed hydrogen and 
Item 8O Item 78 X Item 79. hydrocarbons, radiation, and unaccounted 
Item SO for 
em 80 = 
Item 80a 34.5 
Item 7a a BLT 9] I] > C . 
ltem 81 7 = 7] ABI és LAT-DALANCI OMPUTATIONS FOR A STEAM-CrI 
em 7 or 4 4 
Item 30. Item 81 X Item 82 ERATING Unir Compristnc BorLerR AND SUPERHEATER WI! 
litem 83 100 10.000 OR WITHOUT INTEGRAL EcCOMOMIZER. SoLip FUELS 
Item 78 Iter 
Item 84 Item 70 (or 71 v2 Item 26 (or 2% 
: Item SO Q} Item 85 (or S86) &K 970.4 
ltcm 85 = Trem 70 Oo H.-H) X Item 84 
fem SO ly 95+ 90xKd1 
Item 86 = — me 90 1090.7 4 0.455 Ty T; . “ : 
Item 71 10) 
ltem 8O + (Item 44 Item 83) X Item 46 & 0.455 > Ty ‘ 
les 7 = AG Iten . . 41% 
Item 84 = Tem 11 96) = Item 44 X (Tu To) X 0.24 
Item 80 970.4 ‘ tem 95 + Item 96 
Item 88 = Item 31 Item 24 
Item 11 98) = < 14600 
Item SSa XK 10 100 
Item 89 = W “ Vis ] 
; Item 11 99) = : = = 
Item SS (or S6) X 970.4 d em «0 (or @1 | 
liem 90 = - me Phis item can be determined only in plants where 
c Item 26 (or 27) refuse are discharged int ate 
Item 85 (or 86) X 970.4 + (h } ¥ Item SA pon i irged into water 
litem 91 Item 26 (or 27 100 x Item 83 XK 10160 Use dat from Jf 
o 2 =i CoO. + CO 7 - 4 se duta trom / 
10] Iter 10) Item 44 . Tu 7". x 0.24 4 Ite ig & 04 
‘ai ‘ . : \ 
PaspLe ld Heat-BaLance Computations, SHortT Form, Soup 102) = (Ts — Tu) X 4 Item 44 X 0.24 4 | Item 44 — Item § 
FUELS 
Item 25 + 9 X Item 31 
Item x Item 46 + LOO x U.4 \ 
92) = Item 85 (or 86) X 970.4 103) = (Item 40—Item 44) X (Ts— Ty) K (0.24+I] tem 46 0.455 
93) = Item 84 XK (hk — hy) LO4 = (Item 41—Item 40) X (Ts— 71) X (0.24+I1tem 460.455 
Item 25 en ee a (105 Item 92—Sum of Items 93, 95, 96, and 98 to 104. inelusi 
94) = jog X (1090.7 + 0.455 Te Ty *NoTE—Items 96, 101, 102, 103 and 104. 0.24 is the value in « 
Item 31 use for the specific heat of dry flue gases. This value is not exactly « 
95) = 100 x 9 X (1090.7 + 0.455 Te — Ti2) and if extreme accuracy is desired the true specific heat should be cal 
. ee . : , . . from the gas analysis 
If economizer is installed without air heater, substitute 7; for \ 3 aad " ™ : 
pte ‘ P _— . rn am NOTE Items Yo, 102 and 104. These formu is ire correct only 
7'.: if air heater is installed substitute 7's for 7s in Items 94, ; . : 
poh P= 197 the total moisture in the gases is less than that neces ssary to s 
UO, UO and F. : a the gases of the final temperatures indicated. If the relation of m 
96) = Item 45 X Item 46 X 0.455 (Ts— 7’). . 
‘ denangps ied a ee : ; and temperature is such that some moisture will be condensed. these 
This loss is small and is frequently included in Item 100. ‘ Y sn | 
O7 Item 41 (42 or 43) X 0.24 (Te—T items shouk ” corrected for the heat given up by the cond g 
7) = em ¢ 29 4: , Dee 1 a , vapor. 
If boiler and superheater use Item 41, if economizer use Item F 
42, if air heater use Item 43. | 
co 1 . 4a Le ne , 
9) = GO-GO X Item 83 X 10160 Paste 36 Hear BaLtance or SreaM-GeNeRATING Unit Cox- 
CO2 + aah ak PRISING BorLeR, SUPERHEATER, AND Economizer. Soup Fuses 
If boiler alone use analysis from Item 37, if economizer use 
Item 38, if air heater use Item 39. Item HEAT VALUES $.t.u. Per cent 
- Item 81 — Item 24 x 14600 (92) = Heat per lb. coal as fired (high heating value 
(uw) = . ‘ ‘ 
100 ; 13)= Heat absorbed by water and steam in i 
(100) = Item 26 (or 27) (Sum of Items 92 to 99, inclusive). boiler and superheater 
94) = Heat absorbed by steam in superheater 


95) = Heat absorbed by water in economizer 


TaBLe 2b Heat BALANCE OF STEAM-GENERATING Unit Com- UNAVOIDABLE LossEs 


PRISING BOILER AND SUPERHEATER, WITH OR WITHOUT INTEGRAL 96) = Heat loss due to moisture in coal, moisture 
EXCONOMIZER. Soup FUELS accompanying theoretical air, and water 
’ from combustion of hydrogen, up to 7 
te SAT VALUES 3.t.u. er ce = ire ’ ; 
Item Heat ALI _ ; ‘ B.t.u Per cent (97) = Heat loss due to theoretical dry gases, 7, 
(92) =Heat per pound coal as fired (high heating to Tro 
value).. oe cee .* (98) = Total unavoidable losses 
(93) = Heat absorbed by water and steam in boiler 
and superheater. . ; ; OrnerR Losses 


(94) = Heat absorbed by steam in superheater ' (99) = Heat loss due to combustible in refuse 
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it 
(100) = Heat loss due to sensible heat in refuse, B.t.u. Per cent LOSSES B.t.u Per cent 
om gy _— —" i 96 Heat loss due to combustible in refuse 
( ) , oss ue 1 . FaASCOUS COTI- ar . . 
ren gue vw unburned gaseou m ur Heat loss due to sensible heat in refuse 
bustibles OS H ] j 
eat loss due to incomplete combustion of 
(102 Heat loss due to excess air entering furnace carbon 
and moisture accompanying same, 7; to 99 Heat loss due to theoretical dry gases, 72 
1 to Ts 
103 Heat loss due to theoretical dry gases, Lin Heat loss due to moisture in coal, moisture 
moisture in coal, moisture accompanying 
mpanying theoretical air, and water 
theoretical air and water from combus- ey , 
‘ . m combustion of hydrogen up to 7's 
tion of hydrogen. Ty to T: ( Heat } ‘ 
> iO] é loss due to excess air and ompal 
104 Heat loss due to excess air entering furnace P , ; , 
. r mri ire entering furnace, 72 to 7's 
and moisture accompanying same, 7» to 1( Heat loss dus ‘ © and moisture leakins 
1 : , - 2 apne T; to 7 
) Heat loss due t ir and moisture leaking Heat ‘ } ‘ " 
hy rh boiler setting. 7; to 7 p= . ; _ rien 
th igh ib tl mizer settin T,to7 
06 Heat due to air and moisture leaking { Heat rand n boss 
t} h« omizer setting, 7; to 7 . ttl 1 to 7 
Heat due t neonsumed hydrogen and H ‘ 
; . | ed 
} ! rbons, radiat nd unaccounted , << 
| MIZ3 
‘ Heat ble to ¢ ymizer in flue gase I 
includ I isture from 7'.to 7 ( H 
} Iifficier f economize! I iv | 
E 3d Heat-BaLANce COMPUTATIONS FOR A STEAM-Gi Aim Hea 
NG Unrr Compristnc BorLeR, SUPERHEATER, AND Ect 10S) H » heater 
OMIZER. Souip FUELS ws ire, 7 l 
10a He rhed ir he 
110) Eff Nesetosa 
"2 Item 26 (or 27 Not! If td lude economizer f Iter is 
8 Item 85 (or S6) KX O70.4 106 nd 107 If ble for f ther segregat } ] e] 
4 Hy H) x Item 4 ite n dd 
} } <Item SA 
: a Item 25 9 Item 31 
1090.7 0.4557 1 100 ) PABLI 4d = Heat-BaLance CompuTaTIONS FoR Sream-Gewx 
Item 44 Item 83 It 16 0.455 1 1 ERATING | COMPRISING BoILeER, SUPERHEATER, EXCONOMIZER. 
" Item 44X (Tro Ts) X0.24 AND Ain Heater. Sonim Fvers 
ys Item 96 Item 97 
ye 
Item S81 Item 24 14600 i 
" 100 'e It -' ri 
; ; Q3 Jtem S85 rS6 Yi } 
- W ] 7 O4 H H) XItem 84 
Item 70 ee Q5 } } Item 84 
This item ean be determined only i: pl nts where ash nd It Ss] Item 24 14600 
refuse are discharged into water vo 100 
(>) - Ww 7 
Tt &3 10,160 Use data from Item 38 7 : 
CoO, + CO i It 0 7 
2 Item 40 Item 44 T; Ts 0.24 Ite if} 0.455 
l ‘ mn hx ] ed p where } 
\ 
/ I 14 0.24 | Iter 14 It S ( d harged t Ww t 
/ ( ¢) 
- J : t? } 
Item 25 9 Item 31 ax , co) co) 3) Le 
Ite 16 100 0.499 | } ] i4 0.24 
Item 40—Item 44 T:—T; 0.24+Jtem 460.455 25 ) It 
Item 41—Item 40) X(T:—1 1.244 Item 460.455 Or 190.7 + 0.455 100 
It 12—Item 41 1 1): 0.24 +Item 16 0.455 . ] 4 ] S < Item 46 0.455 ] ] 
Item 92 Sum of Ite 3, 95 to 97 and 99 to 106. inclusive 101 It 4( It 14 7 7 0.24 Ite 16; 0.45 
\ " j ’ 10) J > ; . 
7 7 < <«/f 41 & 0.24 4 | cen 11 Item 83 10) 1 | i l 1 0.24 ] 16 0.45 
( q 103 It i ] 11 ] ] 0.24 Item 46 0.456 
; Item 25 + 9 & Item 31 : } 104 lt { ] 12) (7 T 0.24 + Item 46 & 0.452 
stem 4 roo v \ LOS It v2 Che I f Ite 93, 95 to 104, inclusive LT te 10% 
i QD \ 
” 7 Tite M) l i 0.24 4 Ttem 41 Item & 
It 97, 102. 103. 104. 105. 106. 107. 10S 0.24 the , ’ ; Iter 5+ 9 Item 31 ne 
n use for the specific heat of dry flue gases This value LOO \ 
ue orrect and if extreme accuracy is desired the true specifie he ] ) 
e calculated from the gas analysis ‘ 04 
: Items 96, 103, 105, 106 and 108 These formulas are correct ( - 
t n the total moisture in the gases is less than that necessary to NS ] 12 0.24 4 | It 42 ] — 
sat the gases of the final temperatures indicated If the relation of f 
i e and temperature is such that some moisture will be condensed, Item 25 v Tt 1 
the ms should be corrected for the heat given up by the condensin, Item 46 100 v.42 \ 
i 109 ] Ite 5 0.24 It 1 0.452 
j Loo 
' , ‘ ‘ ’ ‘ iV y 
1 Hear BaLANce oF STEAM-GENERATING Unit Com- , Item 108 
I BoILER, SUPERHEATER, EcONOMIZER, AND AiR HEATER. * Note—1 99, 101, 102, 103, 104, 108 and 109. 0.24 is the 
SoLip on ELS I n e for the specif heat of dry flue gases This ilue 18 n 
exactly correct and if extreme accuracy is desired the true specif he 
Heat VALUES B.t.u Per cent should be calculated from the gas analysis. 
Heat per lb. coal (as fired, drv) (high hea Not! It 100, 102, 103, 104, 106, 108, and 109. These formula 
ing value correct only when the total moisture in the gases is less than that necessa 
Heat absorbed by water and steam in to saturate the gases of the final temperatures indicated If the relatior 
boiler and superheater of moisture and temperature is such that some moisture will be condensed 
M4 Heat absorbed by steam in superheater these items should be corrected for the heat given up by the cond 
Heat ibsorbed by water in economizer vapor. 
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TABLE 5a Data AND ReEsutts, Test OF STATIONARY 
GENERATING Unit. Liquip Furets—As_ Firrep 
FREE 


STE 


GENERAL INFORMATION 


(1) Date of test 

(2) Location of plant 

(3) Owner of plant 

(4) Maker and type of boiler.... 


(5) Maker and type of superheate: 

(6) Maker and type of economizer 

(7) Maker and type of air heater 

8) Maker and type of fuel-burning equipment 
(9) Test conducted by 

Object of test 


(10 


DescripTIon, Dimensions, Erc. 





MECHANICAL 


SAM- 
MOoIsTURE 


11 Boiler heating surface sq. ft 
12 Superheater surface sq. it 
13) Economizer surface sq. ft 
(14) Air-heater surface sq. ft 
15) Number of burners 
(16) Draft 
(17) Fuel 
(18 Area of furnace floor wide deep sq. f 
(19) Height of furnace floor to nearest heating surface ft 
(20 Furnace volume per sq. ft. boiler heating surface 1. ft 
FuEL AND GAs ANALYSES AND DaTa 
Fuel—As Fired M oisture-F ree 
Moisture per cent 
B.t.u. per lb. as fired B.t.u 
B.t.u. per lb. moisture free B.t.u 
Flash point deg. fahr 
Carbon per cent 
Hydrogen per cent 
Oxygen per cent 
Nitrogen per cent 
Baumé gravity deg 
Gas 
(30) Gas analysis, furnace: 
Per cent CO, O CO N SO 
(31) Gas analysis, boiler outlet: 
Per cent CO, Oy CO N SO 
(32) Gas analysis, economizer outlet: 
Per cent CO» O CO N SO. 
(33) Gas analysis, air-heater outlet: 
Per cent CO» Oz CO....Ns sO 
(34) Dry gas per lb. fuel, furnace (as fired, moisture free lb. 
(35) Dry gas per lb. fuel, boiler outlet (as fired, moisture free lb. 
(36) Dry gas per lb. fuel, economizer outlet (as fired, moisture free) . 1b. 
(37) Dry gas per lb. fuel, air heater outlet (as fired, moisture free) . . lb. 
(38) Dry gas per lb. fuel, theoretical (as fired, moisture free) lb. 
(39) Air supplied per Ib. fuel furnace (as fired, moisture free) lb. 


Pressures and Drafts 


Ib. per lb. air 


in. of water 
in. of water 
in. of water 
in. of water 


(40) Moisture in air 

(41) Steam pressure by gage, boiler Ib. per sq. in. 
(42) Steam pressure by gage, superheater outlet Ib. per sq. in. 
(43) Pressure of fuel at burners lb. per sq. in 
(44) Pressure of air for combustion at burners 

(45) Draft in furnace... . 

(46) Draft at boiler outlet 

(47) Draft at economizer outlet 

(48) Draft at air-heater outlet 


Temperatures 


(49) Steam temperature. deg. 
(50) Moisture in steam per 
(51) Superheat .... deg. 
(52) Temperature of air surrounding boiler, 71 deg. 
(53) Temperature of air entering air heater, 72 deg. 
(54) Temperature of air leaving air heater, 7'3 deg. 
(55) Temperature of air for combustion, 7 deg. 
(56) Temperature of furnace, 7's. re deg. 
(57) Temperature of gases leaving boiler, 7's deg. 
(58) Temperature of gases leaving economizer, 77 deg. 
(59) Temperature of gases leaving air heater, 7's deg. 
(60) Temperature of feedwater entering boiler, 7» deg. 
(61) Temperature of feedwater entering economizer, 7. . .deg. 
(62) Temperature of water in boiler at point where gases 

leave boiler, Tn deg. 
(63) Temperature of fuel at burner, 712 deg. 


Hourly Quantities 


(64) Duration of test 

(65) Fuel as fired per hour 

(66) Fuel per hour, moisture free oe pains 

(67) Fuel per cu. ft. furnace volume per hour, as fired . 

(68) Fuel per burner, per hour as fired, moisture free 

(69) Fuel per burner, per hour, moisture free . ppt 
(70) Fuel per cu. ft. furnace volume, moisture free aS 


in. of water 


fahr. 
cent 
fahr. 
fahr. 
fahr. 
fahr. 
fahr. 
fahr. 
fahr. 
fahr. 
fahr. 
fahr 
fahr 


fahr. 
fahr. 


hr. 
lb. 
. .lb. 
-lb. 
lb 
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(71) Actual water per hour lb 
(72) Factor of evaporation 
(73) Equivalent water per hour lb 
(73a) Boiler horsepower, average hp 
Evapo atior 
(74 ual evaporation per lb. fuel, as fired, moisture free lb 
(75) ] quivalent evaporation per lb. fuel, as fired lb 
76 Equivalent evaporation per Ib. fuel, moisture free Ib. 
77 Equivalent evaporation per sq. ft. heating surface per hour Ib 
Horse px 
7s Number 1000 B.t.u. absorbed per'sq. ft. of boiler 
heating surface per hour B.teu 
70 Per cent rating per cent 
Ef 
SO Efhicien f boiler, superheater, furnace, burner 
iir heater 1 I 
Ss! efficiency including economizer per 
PasLe 5b Hear BaLance oF A STEAM-GENERATING Uni 
SHort Form. Liquip Fueis 
Iter B.t Per ce 
SZ Heat absorbed by water and steam in boiler 
ind superhe iter 
83 Heat absorbed by water in economizer 
4 Heat loss due to moisture in fuel 
sd Heat loss due to water from combustion 
of hydrogen 
St Heat loss due to moisture in air 
S7 Heat loss due to dry chimney gases 
4 Heat loss due to incomplete combustion 
of carbon 
su Heat loss due to unconsumed hydrogen and 
hydrocarbons, radiation, and unaccounted 
for 
Paste Se Compurations For Trsr oF STATIONARY STEAM 
GENERATING Unirr. Liquip Fue! 
EXPLANATION OF SYMBOLS 
Wherever COQ», O., CO, and N» are used they are the percentages by 
ume of these constituents in the gases of combustion 
H = total heat (in B.t.u. per Ib.) of saturated steam at the boil 
outlet pressure 
H,= total heat (in B.t.u. per Ib.) of superheated steam at the super 
heater outlet pressure 
h total heat (in B.t.u. per lb.) in feedwater at boiler inlet 
h, = total heat (in B.t.u. per Ib.) in feedwater at economizer ink 
L latent heat (in B.t.u. per lb.) in steam at pressure in steam ma 
fs = temperature of steam after expansion in calorimeter 
GENERAL 
If test is on a moisture-free basis, draw a line through “‘as fired’ where 
the words ‘‘as fired dry"’ appear together and vice versa. Which« 


basis is chosen must be followed throughout. 
balance will be the same in either case. 
Items 11 to 14—Heating surface shall consist of that portion of the surf 
of the heat-transfer apparatus exposed to both the gases being cooled 
the fluid being heated at the same time (computed on the gas side j 
Item 16—State whether natural, forced, induced or a combination of 
or more kinds of draft is employed. 
Item 17—State general class of fuel, give district where produced 
Item 20—Furnace volume is the cubic space provided for the combust 
of fuel before the products of combustion pass through any heating surf 
Items 21 to 29— As- fired- analysis items = 
( Ite m. 
items » ] ) 
1x 


Percentage results in he 


dry-analysis 


; 11 CO. + 8 O. + 7(CO + N32) i 
Items 34 to 37 = 3(COz + CO) Item $3 
Use data from Items 30 to 33. 
12.52 &K Item 25 + 26.56 K Item 26 + Item 28 


te 33 = 

Item 3 100 
9 X Item 26 

Item 34 + 100 l 


methods of determination see code on 


Item 39 = 
Item 40—Yor 
Apparatus, Par. 
Item 50—Bither determine from charts o1 


Instruments d 


the following formula 


H — 11504 — 047 X 212) 
100 i 
L 
L x liem 55 
. } 
y: a 100 ; 
Item 72 For saturated or wet steam) = 970.4 
, Hy h 
(For superheated steam o704 
Item 73 = Item 71 XItem 72 


Item 73 
34.5 


Item 73a = 





b 
» 
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retical air, and water from combustion of 
hydrogen, Tu to Ts 
1 Heat loss due to excess air entering furnace 


- Ite m 71 &O 
fem 74 - 
Item 65 (or 66 
Item 73 On 
cas Item 65 
Item 73 
m 76 
Item 66 9] 
“ Item 73 Qo 
PA Item 11 93 
Item 73 & YT0A *No 
7s 
It 1! the < 
Item 7 ’ if extrer 
si It 11 from the 
] > re ; Nov! 
st) when tft 
ite tl 
TO4 It { 
~ T 
n 
5 Hear-BaLaANce COMPUTATIONS FOR STEAM-GENEI 
ATING UNir—Snortr Form. Liquip Fuets Pat 
PRISI 
‘ It 7 ri 70 Ite 
. hi) XItem 74 
7 1090.7 + 0.455 7 ] 
1”) 
~) 
Item 2 ; 
‘ “ LOGO, + 0.455 7s 1 
if i) + 
If economizer ts installed without air heater, substitute 73 for 7 ~ 
If air heater installed, substitute 7’, for 7 Items S4, 85, S86, 
ind S7 
st litem 39 & Item 40 & 0.455 *& Ts—T; Bal 
This item is small and is frequently included in Item SY 
Item 35 (or 36 or 37) X 0.24 &K (T6-—7 
If boiler and superheater use Item 35, if economizer use Iter Ss 
bb if all heater ust Item 37. 
co) Ss 
_ , tem 25 0160 
= CO; + CO I sata 1016 
sv Item 22 (or 23 Sum of Items S82 to SS, inclusive RO 
, ' , ‘ Ow 
6) Hear BALANCE OF STEAM-GENERATING Unir Com- 
NG BOILER AND SUPERHEATER, WITH OR WITHOUT INTEGRAL 
EcoNoMIZER. Liquip FUELS 9] 
Heat VALUES B.t.u Per cent 
SZ Heat per lb. fuel as fired (high heating value 
S3 Heat absorbed by water and steam in boiler an 
and superheater 
“4 Heat absorbed by steam in superheater - 
UNAVOIDABLE Losses _ 
85 Heat loss due to moisture in fuel, moisture 04 
accompanying theoretical air, and water 
from combustion of hydrogen, up to Ti - 
SO Heat loss due to theoretical dry gases, 7, to ‘ 
Tu 
87 lotal unavoidable losses 
OTHER Losses 
88) = Heat loss due to incomplete combustion of 6 
carbon 
SY) Heat loss due to excess air entering furnace Q7 
and moisture accompanying same, 7, to T 
1) Heat loss due to theoretical dry gases, mois- 
ture in fuel, moisture accompanying theo TABLE 
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000 
Item 34 Item 38) X (Tun — Ts) X (0.24 + Item 40 X 0.455) 
\ 
T's 7 j tem 38 X< 0.24 4 [ tem 38 Item 25 
Item 21 + 9 & Item 26 } 
Item 40 x ().455 
L100 \ 
Item 34 Item 38) «(7 7 x (0.244+-Jtem 40* 0.455 
Item 4 Item 34 7 7 0.24+4-Jtem 40* 0.455 
Item 82 Sum of Items 83, 85, 86 and 88 to 92 inclusive 
Iter — So, OO. GIL. OV 0.24 the \ ie in common use tor 
~~ ’ I e j exactly rrect i 
( " i ‘ ‘ ! it | 
It ‘ ‘ } 19 l rmu rre nl 
I i If I nol 
‘ hese 
Ih 13 \ sTt M-‘ 01 tl IN‘ | NIT ¢ l 
> I | cf OMIZEI | ( | 5S 
Hea VA . ] I 
Hi ‘ i 
Hea I ile 
Hea I ly ‘ 
Heat 7 
UNA \BLE Losses 
He tn ein f ist 
ng theoretical air fron m 
; . } i en, up to 7 
Heat i t theoretical dr es, T,t 
/ 
Total lable 8 
Orner Losses 
Heat loss due to incomplete combustion of 
carbon 


Heat loss due to excess air entering furnace 
ind moist wccompanying same, 7, to 

Heat loss due to theoretical dry gases, mois- 
ture in fuel, moisture accompan, ing theo- 
retical air, and water from combustioa of 
hydrogen, 710 to 7 

Heat loss due to excess air entering furnace 
and moisture accompanying same, 70 to 7; 

Heat loss due to air and moisture leaking 
through boiler setting, 7; to 77 

Heat loss due to air and moisture leaking 
through economizer setting, 7 to 77 

Heat loss due to unconsumed hydrogen and 
hydrocarbons, radiations and unaccounted 
for 

ECONOMIZER 
Heat available to economizer in flue gases, 


including moisture, 7's to 7; 
Efficiency of economizer 


7d Heat-BALANCE COMPUTATIONS FOR STEAM-GENER- 


sTING Unit ComMprRIsSING BoILER, SUPERHEATER, AND ECONOMIZER. 


and moisture accompanying same, 7; to Ts Iten 
'2)= Heat loss due to air and moisture leaking §2) 
through boiler setting, 7; to 7's wis 83 
3 Heat loss due to unconsumed hydrogen and 84 
hydrocarbons, radiation, and unaccounted Q5 
for 
Sh 
bE 6d Heatr-BaALANcE COMPUTATIONS FOR STEAM-GENER- 
Univ CompristnG BoILeER AND SUPERHEATER, WITH OR WITH- o6 
. . ss 
ouT INTEGRAL Economizer. Liquip FUELS 
su 
SZ Item 22 (or 23 a0 
a) litem 75 (or 76) K 970.4 
“4 (H,— H) XItem 74 Qo] 
7 ‘ (Item 21 + 9 X Item 26 
So (1090.7 0.455 Tn — Ty 100 + 
(Item 38 Item 25) K Item 40 XK 0.455 XK (Tu T's 
Sb = Item 38> (Ty Ts) X 0.24* 92 
87) = Item 85+ Item 86 (93 
CO Of 
55 CO.4CO ~ Item 25 10160. (Use data from Item 31 o 


Liqguip FUELS 


Item 22 (or 23 
Item 75 (or 76) X 970.4 
H, — H) XItem 74 
/ hy) x Item 74 
Item 21 + 9 X Item 26) 
100 ) 
Item 25) XK Item 40 XK 0.455 & (7 Ts 
Item 38% (7) Ts) X 0.24" 
tem 86 + Item 87 

CO 


1090.7 + 0.455 T; Ty ‘ 


Item 38 


O CO Item 25 X 10160 Use data from Item 31 
| + 


Item 34 Item 38) X(T, 7, . 0.24 + Item 40 & 0.455 
\ 
T; 7; x j item 38 X 0.24 4 Item 38 Item 25 


Item 21 + 9 


x Item 26 / 
x O.455- 
100 : \ 


Item 34 liem 35 T T . 0.24 + Item 40 * 0.455 
Item 35 It 4 T 7; 0.24 + Item 40 K 0.455 
Jiem 36 Iter 7) T T; x 0.24 + Item 40 &® 0.455 
] s2 Sum of Jtems 83, 85 to 04, inclusive 
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(96) = (Ts — Tw) XK 3 Item 35 X 0.24 + | (Item 35 — Item 25) X 
Item 21 + 9 X Item 26 } 
Item 40 + 100 xX 0.455> 

Item 85 

97) 

Item 96 
* Nore—lItems 87, 90, 91, 92, 93, 94 and 96. 0.24 is the value in common 
use for the specific heat of dry gases. This value is not exactly correct and 


if extreme accuracy is desired the true specific heat should be calculated 
from the gas analysis 
NotE—Items 86, 91, 93, 94 and These 


correct only when the total moisture in the gases is less than that 


90, 92 6. formulas are 


necessary to saturate the gases of the final temperatures indicated. If 
the relation of moisture and temperature is such that some moisture 
will be condensed, these items should be corrected for the heat given up 
by the condensing vapo1 
TABLE Sb Hear BALANCE OF A STEAM-GENERATING Unir Com- 
PRISING BoILER, SUPERHEATER, ECONOMIZER AND AIR HEATER. 
Liquip FUELS 
Tt Heat VALUES B.t.u Per cent 


$2 Heat per lb. fuel, as fired (higher heating 
value 

SO Heat absorbed by water and steam in boiler 
and superheater 

4 Heat absorbed by steam In superhe iter 

SS Heat absorbed by water in economizer 

Losses 

S6 Heat loss due to incomplete combustion of 
carbon 

Si Heat loss due to theoretical dry gases, T 
to T's 

SS Heat loss due to moisture in fuel, moisture 
accompanying theoretical air and water 
from the combustion of hydrogen, up to 7's 

S9 Heat loss due to excess air entering furnace 
and moisture accompanying same, JT; to Ts 

90 Heat loss due to air and moisture leaking 
through boiler setting, Ti to T's. 

91 Heat loss due to air and moisture leaking 
through economizer setting, 7; to 7's 

92 Heat loss due to air and moisture leaking 
through air heater setting, 7; to 7s 

93 Heat loss due to unconsumed hydrogen 
and hydrocarbons, radiation, and unac- 
counted for 

ECcONOMIZER 

94 Heat available to economizer in flue gases, in- 
cluding moisture, 7; to T 

95 Efficiency of economizer 

Arr HEATER 
Ae Heat available to air heater in flue gases, 


including moisture, T; to 7 
we Heat absorbed by air heater 


YS Efficiency of air heater 
Note—lIf unit does not include economizer do not fill out Items 55, 91 
94, 95 If data are available for further segregation of losses, other items 
may be added 
TABLE Sd Heat-BALANCE COMPUTATIONS FOR STEAM-GENERATING 
Unir Compristnc Bolter, SUPERHEATER, ECONOMIZER, AND AIR 
Heater. Liquip FuEts 
Iter 
82) = Item 22 (or 23 
; Item 75 (or 76) K 970.4 
s H H) XItem 74 
s5 h / Xx Item 74 
(') 
sf} TO. a CO Item 25 10160 
s7 Item 38 T, — T. Xx ().24* 
Item 21 + 9 > Item 26 
SS 1090 + 0.455 JT; — T ) 
> 100 
Item 38 Item 25 x Item 40 *& 0.455 >» Ts 7 
sO = Item 34 — Item 38 x 7 7 (0.24 + Item 40 0.455 
On Item 35 — Item 34 x Ts T x 0.24 + Item 40 0.455 
91 Item 36 — Item 35) X (T's 7 0.24 Item 40 0.455 
9? liem 37 Item 36) x T 7) x 0.24 Item 40 * 0.455 
93 Item 82 — Sum of Items 83, 85 to 92, inclusive, and Jtem 97. 
= = \ 
94 Ts — 7; x } Item 35 & 0.24 4 (Item 35 Item 25 


Item 21 4 
40 + 


9 xX Jtem 


Ite m 
100 


"| } 
xX 0.455? 
J 





Item 85 


Vo. 45, No. 9 


(99) Item 94 
(96) = T; T:) X }1 m 36 X 0.24 4 [ m 36 — Item 25) 
Item 21 + 9 X& Item 26 ; 
Item 40 4 100 ] x~ 0 155 
(97) T; — T:) X Item 39 XK (0.24+J]tem 40 XK 0.455) 
Item 97 
%) = jiem 06 
* NotE—Items 87, 89, 90, 91, 92, 93, 94, and 96. 0.24 is the value 
common use for the specific heat of dry flue gases This value is not 
exactly correct and if extreme accuracy is desired the true specific he 
should be calculated from the gas analysis 
NoTE—Items 88, 89, 90, 91, 92, 93, 94, 96, 97 These formulas are 
correct only when the total moisture in the gases is less than tl 
necessary to saturate the gases of the final temperatures indicated I 
the relation of moisture and temperature is such that some n 
will be condensed, these items should be corrected for the heat given uj 
the condensing vapor. 
TABLE 9a Dara AND Resutts or Test orf STATIONARY STEAM 
GENERATING Unir. Gasstous FUELS 
GENERAL INFORMATION 
l Date of test 
» Location of plant 
3 Owner of plant 
' Maker and type of boiler 
5 Maker and type of superheate: 
o Maker and type ot economizer 
7 Maker and type of air heater 
Ss Maker and type ot fuel burning « qquipment 
o Test conducted by 
10 Object of test 
DescriIPTION DIMENSIONS, ET¢ 
11 Boilet heating surtace ] 
12) Superheater surface sq 
13 Economizer surface q 
14 Air heater surface sq. it 
15 Number of burners 
16) Draft 
17) Fuel 
1S) Area of furnace floor Wide Deep | 
19 Height of furnace, floor to nearest heating surface 
20 Furnace volume per sq. ft. of boiler heating surface 1 
FurL AND ComMBUSTION Propvucts AND Data 
Fu Analy 
(21 Moisture volume per cent we 
22) Carbon monoxide, CO volume per cent we 
23) Hydrogen, H volume per cent weig 
24 Methane, CH, volume per cent wi 
25 Acetylene, C,H volume per cent ‘ 
26 Ethylene, CoH, volume per cent we 
27 Ethane, CeH, volume per cent we 
25) Hydrogen sulphide, Hos volume per cent “ 
29) Oxygen, O volume per cent we 
30) Nitrogen, N volume per cent ve 
3 Carbon dioxide, CO volume er cent we 
4 $.t.u. per cu. ft. standard conditions B.t 
33) B.t.u. per Ib I 
34 Weight per cu. It. st indard conditions 
Combustion P mduct 
#5) Gas analysis, furnace: 
Per cent CO () ('«) N “i ) 
in) Gas analysis, boiler outlet 
Per cent CO .) co N st) 
a7 Gras analysis, economizer: 
Per cent CO 8) CO N 1) 
iS Gas analysis, air heater: 
Per cent CO ) CO N so) 
39 Dry gas per lb. fuel, furnace 
10) Dry gas per lb. fuel, boiler outlet 
11 Dry gas per lb. fuel, economizer outlet 
42 Dry gas per lb. fuel, air-heater, outlet 
(43 Dry gas per lb. fuel, theoretical 
44 \ir supplied per Ib. fuel, furn 
Pre tres and Draft 
45) Moisture in air lb. per 
(46 Steam pressure by gage, boile1 lb. per 
(47) Steam pressure by gage, superheater lb pr 
(48) Pressure of fuel at burners in. of 
(49 Pressure of air for combustion at burners in. of 
(50) Draft in furnace in. of 
(51) Draft at boiler outlet in. of 1% 
(52) Draft at economizer outlet in. ¢ 
(53) Draft at air-heater outlet In. ¢ 








) 


et be 
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(54 Steam temperature deg. fahr 
(55 Moisture in steam per cent 
56) Superheat leg. fahr. 
57) ‘Temperature of air surrounding boiler, 7 leg. fahi 
5S Temperature of air entering air heater, 7 leg. fahr 
yo iv mperature of air leaving air heater, 7 leg. fahy 
60 Temperature of air for combustion, 7, deg. fahi 
61 lemperature ot turnace, T:. leg. fahr 
62 lemperature of gases leaving boiler, 7 deg. fahi 
63 lemperature of gases leaving economizer, 7 leg. fahy 
ti4 Temper iture of gases leaving air heater, 7 leg. fahi 
65 Temperature of feedwater entering boiler, 7’ leg. fal 
ot lemperat ire © feedwater entering economizer / deg. fal 
ay lemperature of water in boiler at point where gases 
leave boiler, 7 le fahr 

ts ler perature Tue t i er [ le lan 
) Quantit 

ou Durati t 

70 Puc is fired per | 

71 I per hour, standard naditi 

42 Fuel g per burner pet ir 

r hue er t. of furnace in pe 

4 Ac iter er hour 

) | ! ‘ por 

f Kg ent water per h r 

it | er horsepower, aver 

ia Act ‘ porat per ‘ 

S qu ent « I 1. fuel 

79 Lquivale evaporat IM t 

' per } ' 
st Numibe LOOO t rbed per sq. f 
eu Sul ‘ ‘ 
. P ' 
2 EA } . , 
na T rhe ‘ 
“ Ef , j ‘ mize 
4) Hiea 13 OF A STEAM-GENERATING § | 
Su kor GASEOUS FUELS 


O} Ni 


TEs! 
CFASEOI s 


E Yo COMPUTATIONS FOR ATIONARY 


(JENERATING UNIT. UE! 


EXPLANATION OF SYMBOLS 


STEAM 


Wherever COs, Oo, CO, and Nz are used they are the percentages | 
i ese constituents in the gases of combustion 
(’=carbon content per lb. of fuel gas. 
H total heat (in B.t.u per ib of saturated steam t the 
outlet pressure 
H total heat (in B.t per lb.) of superheated team at the per 
heater outlet pressure 
h=total heat (in B.t.u. per lb.) in feedwater at boiler ink 
i tot heat (in B.t.u per lb in feedwater at economizer inlet 
L=\latent heat (in B.t.u. per lb.) in steam at pressure in steam main 
' 


temperature of steam after expansion in calorimeter 
11 to 14—Heating surface shall consist of that portion of the 
e heat-transfer apparatus exposed to both the gases being coo 
fluid being heated at 
4 16 State 


computed on the gas sick 
induced or 


the same time 


whether natural, forced, 1 combinatior 


nore kinds of draft was employed. 
item 17—State general class of fuel, as blast-furnace gas, by 
e-oven gas, natural gas, ete. and give district 


item 20 Furt 
fuel before the 
Item 22 to 34 


ce volume is the cubie space provided for the com 
products of combustion pass through any heating 
] iel-gas analysis should be reported on dry basis. 
Where determined on « 
Ti2 >Ti add 


ilue. 


ulated it is on dry basis. 

for moisture. If 
to the calculated B.t.u. v 
fahr. 


1. Value is cal 
should be 
t x (T; T; 
inches mereury 


Item 33=Item 32 


corrected mean 


1.92 and 32 deg 


Item 34 


surface 


led and 
1 of one 
product 


bustior 
surtace 
W here 
‘alorim- 
specifi 


Standard conditions are 
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1] CO. + &O. + 7(CO + N 
m 39 to 42 w lem 7 
ws (CO. + CO Item § 
Use data from Items 35 to 38. (¢ » Item 22 « Item 244 i 
It “0 Item 26 Item 274 Item 31 a) weight 
546 Item 22 AImt Li) Item 23 16.03 Iter 4 
1} 
LOO 
ot) 2 Item 2¢ 15.3 Tt 27 
LOO 
6.58 X Item 28 + Item 30 + It 
w ght) 
itn 
J 
; ] } ~ 
} | ! er le rument ind 
\ : D 
I) r ‘ . f \ 
f] } 17 | 
/ Item 5 
H 
Li 
) 1 
; H 
H 1B . ComMPt } STEAM-GENER- 
| ~ lor (CS ASE« by 
‘ WT } / i 
) 
“¥ 1.7 0.455 7 7 
If « mizer nstalied Wit! if uir heater substitute 7’; 
If stalled titute 7's for 7s in Items 
wi, ST NS xO 
ss ] 14 ] 15 0.455 (7 Ts 
I 1 is frequent included in Item 91 
so ] 10) 11 y. 0.24 / 7 
If } erheater use Item 40 If « nomizer use 
l T } If neater use Item 12 
« (>) 
" ( < 10160 
( ¢) « t) 
Q] Item 33 Sum of Items 84-90, inclusive 
Paste 10b Heat BALANCE OF STEAM-GENERATING Unit Com- 
PRISING SOILER AND SUPERHEATER, WITH OR WITHOUT INTE RAL 
ECONOMIZER. GASEOUS FUELS 
It Heat VALUES B.t Per cent 
s4 ) Tue hired high heatir y “ 
SO sorbed DY W er and steam in boiler 
erheater 
S6 Heat absorbed by steam in superheater 
UNAVOIDABLE Losses 
(ST Heat loss due to moisture in fuel, moisture 
ccompanying theoretical air and water 
from combustion of hydrogen, up to 7, 
te Heat loss due to the retical dry gases T's to 
7 
So otal unavoidable losses 
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Oruer Losses B.t.u Per cont 


(90) Heat loss due to incomplete combustion of 
carbon 
(91) Heat loss due to excess air entering furnace 
and moisture accompanying same, 7% to 
Tu ; 
92 Heat loss due to theoretical dry gases, mMols- 
ture in fuel, moisture accompanying the- 
oretical air, and water from combustion 
of hydrogen, Tu to Ts 
(93 Heat loss due to excess air entering furnace 
and moisture accompanying same, 7, to 
T 
OA Heat loss due to air and moisture leaking 
through boiler setting, 7; to 7's 
95 Heat loss due to unconsumed hydrogen and 
hydrocarbons radiation and unaccounted 
for 
TaB_e 10d Heat-BaLaANceE ComMpUTATIONS FOR STEAM-GENER 
ATING Unir CompnristnG BoILER AND SUPERHEATER, WITH OR 
wirHouT INTEGRAL Economizer. Gaskous FUELS 
Iten 
st It > 
S5 Item 7S 9YTOA 
S6 H H Item 77 
; lt °21 + 9 X Item 23 
S7 1090.7 0.4557 7 
100 
Item 43 ( Item 43 0.455 Ti ] 
SS Item 43 X Tu — Ts) X0.24* 
So Item S7+Item SS 
CO 
90 ( 0160 se data fri 1] 
G CO. + CO LO160. Use ita from Item SI 
9] Item 39 Item 43) X (Tu Ts) X (0.24 + Item 45 & 0.455). 
\ 
92 ] ] Item 43 0.24 4 Item 43 ( 
Item 21 9 Item 23 ) 
te 5 -+ x 0.455 
Item 45 100 j r( 
(93) = Utem 39—Item 43) X (Tu — Ts) 0.24+Jtem 45 0.455 
OF Item 40 —Item 39) X (Ts— 71) X (0.244+Item 45 0.455 
(95) = Item 84—Sum of Items 85, 87, 8S, and 90 to 94, inclusive. 
* Notre—Items 88, 91, 92, 93 and 94. 0.24 is the value in common use 
for the specific heat of dry flue gases This value is not exactly correct 


and if extreme accuracy is desired the true specific heat should be caleu- 
lated from the gas analysis. 

Notre—lItems 87, 91, 92, 93 and 94. These formulas are 
when the total moisture in the gases is less than that necessary to sat- 
urate the gases of the final temperatures indicated. If the relation of 
moisture and temperature is such that some moisture will be condensed, 
these items should be corrected for the heat given up by the condensing 
vapor. 


correct only 


TABLE 1160 Hear 
COMPRISING 


BALANCE STEAM-GENERATING UNI 
30ILER, SUPERHEATER, AND ECONOMIZER. 


GASEOUS FUELS 


OF A 


Item Heat VALUES B.t.u Per cent 

(84) Heat per lb. fuel as fired (higher heating 
value) 

(85) Heat absorbed by water and steam in boiler 
and superheater. 

(86) Heat absorbed by steam in superheater 

(87) Heat absorbed by water in economizer 

UNAVOIDABLE Losses 

(88) Heat loss due to moisture in fuel, moisture 
accompanying theoretical air and water 
from combustion of hydrogen, up to 7; 

(89) Heat loss due to theoretically dry gases, 7, 
to 7: Pee 

(90) Total unavoidable losses 

OrHER Losses 

(91) Heat loss due to incomplete combustion of 
carbon 

92 Heat loss due to excess air entering furnace 
and moisture accompanying some 7, to 
T: ; 

93 Heat loss due to theoretical dry gases, mois- 
ture in fuel, moisture accompanying the- 
oretical air, and water from combustion of 
hydrogen, T10 to 77 ena Pe 

94) Heat loss due to excess air entering furnace 
and moisture accompanying same, 710 to 
T; ve ; 

(95) Heat loss due to air and moisture leaking 


through boiler setting, 7; to 77 


(96) 


(97) 


Qs) 
(99 
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Heat loss due to air and moisture leaking 
through economizer setting, 7; to 7; 

Heat loss due to unconsumed hydrogen and 
hydrocarbons, radiation, and unaccounted 


for 
EcCONOMIZER 
Heat available to economizer in flue g 
including moisture, 7's to 7; 
Efficiency of 
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economize! 
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ING BOILER, SUPERHEATER, ECONOMIZER, 
GAsEousS FUELS 


Heat VaALues 


Heat per lb. fuel as fired 


value) 


high heating 

Heat absorbed by water and steam in boiler 
and superheater 

Heat absorbed by steam in superheater 


it absorbed by water in economizer 
LOSSES 


Heat loss due to incomplete combustion of 
c irbon 

Heat loss due to theoretical dry gases, 72 to 
Ts 

Heat loss due to moisture in fuel, moisture 
accompanying theoretical air, and water 
from the combustion of hydrogen, up to 7's 

Heat loss due to excess air entering furnace 
and moisture accompanying same, JT» to 
T's 

Heat loss due air and moisture leaking 
through boiler setting, 7) to 7's 

Heat to air and moisture leakign 
through economizer setting, 7; to 7's 

Heat loss due to air and moisture leaking 
through air heater setting, 7; to 7's 

Heat loss due to unconsumed hydrogen and 
hydrocarbons, radiation, and unaccounted 
for 


to 


due 


loss 


EXCONOMIZER 
Heat available to economizer in flue gases 
including moisture, 7's to Tio 
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Research Committee of Engineering Division of =” es and | ww A Exrtosives, THe Mareriars, Con 


, . ‘ ” STI ¥, AND ANA : rhis bulletin is intended to cover present 
National Research Council methods en 1in the industry and to include all classes of explosives 
and the mater i in their manufacture Exp! ‘ re hers 
[HE tetewng research committees of the Division of Engineer- rrouped i ck powders, propellants, det tore. and 
ing of the National Research Council have been corrected to primes SOK ' re ised in practically all these frroup 
fl ' i { mater hat |} | 
is TOLLOW 
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H ‘ lesting of Metals, A. E. Beiuss, Chairman made at the Government Fuel Yard perated at Washington, D. ‘ 








= . 7 , : ¥ 4 . rt ‘ } , 
H lreatment of Carbon Steel, F. B. Fotey, Chairman e Bure Mine De} rie the Interior, in order to de 
M Piling Investigations (W. G. Atrwoopnp, Direct R. T. Betts termine 1 impr the ijustment of the arburetors on the trucks 
nee ised { ores wd ——— | Yard to the different Gover 
4 , \ 
Sands, R. A. Buu, Cha in “ I _ rang i ty 
N inn Bands, C. Ek. Munroe, Chairman irom < oO 4 vor nd the n ty of the carburetors were ol 
| sing G. H. Cievencer. Chairman tandard \t t time the tests were made about ten trucks 
I f Tellurium and Selenium, V. Lenner, Chairman reir 
sar ‘ ‘ " gas were take ' he truck kept in ser e 
. z for summer hauling in order to determine the carburetor adjustment 
Résumé of the Month is used. Changes were then made to a more economical adjustment 
wi wit t sacrificing flexibility of oper n and 
> . > . 
A RESEARCH RESULTS power In eve e the adjustments were maintained for maximum 
; o— } . jjusted to the leanest position to 2 that nov 
pur] e of this section of Engineering Research is to giwe the origin of . : : _— . ‘ give os wer 
; ; . Ir I ‘ é rburetors were found to be adjusted t rict 
inf mation which ha hen com pleted, to give a resume Of research s 4 
Z or . ; ; > for maxi A and ¢ m hese results are consid 1 is 
¢ h Jormuias or curves where uch may Oe readu ¥ given, and t report i 
x detail ir he re r 
n-exrtensive researches which in the opinion of the investigato do 3 . 
‘. The ictual increase mileage and sa ing of gasoline due t the 
G@ paper ‘ } 
roure r ljustments made by gas ana is, when the months pre 
B w Materials A3-23 DISINTEGRATION OF CEMENT IN SEA WATER eding and f wing the adjustments are compared, showed an increase 
‘ iper on this subject was presented by Wm. G. Atwood and A. A n mileage of 22 per cent, and for the second month after adjustment 
son at the June 13th meeting of the American Society of Civil 16 per cent, and the third month 9 per cent When the mileage is 
gineers. ‘This report is available as a preprint and will appear in compared truck for truck, and not taking into consideration the dis- 
August Proceedings of the American Society of Civil Engineers tance each traveled during the month, the increased mileage equaled 
cludes a review of literature of cement disintegration and describes 24.4, 21.2 116.2 per nt, respectively 
reign experiments, and recommends others in connection with cement he tests show that a portable CO, indicator for testing the exhaust 
ilphate-bearing waters 4 résumé of the paper was presented gases of a motor vehicle, as used in these tests, gives a positive indication 
re the annual symposium of the American Society for Testing of the rburetor adjustment, removes all guesswork from such adjust 
laterials on Concrete during the latter part of June. ment, 1 eriect if e practi ally and almost indispen e ft 
. . compa ving ‘ r I e iarge ruck in service especia i 
( y, Industrial Al-23. Expvosives, Tuer Mareria.s, Constirv- : acaiaies : 
AND ANALYSIS See Explosives and Explosions A2-23 ty 
- . F . % M G. W. Jon nd A. C. Fieldner are the authors of ¢ re 
f ty, General Al-23. Mertuops oF MEASURING THE PROPERTIES OF port which is known as Serial 2487 and may be obtained by addressing 
TRICAL INSULATING MATERIALS his paper gives a series of H. Foster Bain, Director of the Bureau of Mine Department the 
trical, thermal, chemical, and mechanical test methods which have Interior, Washington, D. ¢ 
found useful in the study of solid electrical insulating materials 
; ae : - P . ‘ne - 5 Va } s re i DISINTEGRATI (_EMENT Sea WatT! 
several tests described are those used in obtaining the data pre ? f 
; : “er See / wg M als A 
isly reported in Technologic Paper No. 216 of the Bureau of Stand- 
Ss entitled Properties of Electrical Insulating Materials of the Welding A Wel N »F Orn STORAGE TANKS The de m of a 500 
minated Phenol-Methylene Typ The several test methods de- barrel tank by both the electric-are and oxy-acetylene welding proce 
bed are radio-frequency phase difference or power loss, dielectric has been completed A report of the electric-are method, including 
stant and flash-over voltage, direct-current surface resistivity and I fications, was published in the December, 1922, issue of the Amer 
ime resistivity, tensile modulus of strength, modulus of elasticity in Welding Society A report on the oxy-acetylene welding met! 
sue), proportional limit, modulus of rupture, elasticity (transverse), has just been completed and was published in the June, 1923, issue 
nell hardness, scleroscope hardness, resistance to impact, permanent the Journal of the American Welding Society The latter report ir 
I I it I 
rtion, density, moisture absorption, machining qualities, thermal cludes photographs of two tanks eonstructed according to this method 


insivity, and the effects of heat, acid, and alkali. rhe general object of this investigation was to design a welded storage 
a Address Superintendent of Documents, Government Printing Office, tank which will enable the reduction of loss of the lighter oils from 
‘Vashington, D. C., requesting Bureau of Standards Scientific Paper leakage and evaporation now accruing in the present riveted con- 
‘0.471. Price 15 cents. struction. 
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Welding A2-28. App.LicaTion oF Arc WELDING IN SHIP CONSTRUCTION. Gases B3-23. INVESTIGATION OF OrIFICE Gas Meters. See Fluid 
A comprehensive report has been prepared by E. H. Ewertz, general Flow B3-23. 
manager of the Moore Plant of Bethlehem Shipbuilding Company, 
under the guidance of the Electric Arc Welding Committee, and is 
now being published as a serial in Marine Engineering. The report 
includes cost figures, test data, relative advantages of welding versus 


Hardness B2-23. Sreet For BRiNELL Bais. In measuring the hardness 
of metals by the Brinell method, a hardened steel ball is forced inté 
the specimen by hydraulic pressure, the amount of penetration serving 
as an indication of the hardness of the sample. Difficulty has been 
found in measuring the Brinell hardness of steel having a hardness 
over 500 B.h.n. An attempt has been made by the Bureau of Stand 
ards for the past 3 or 4 years to obtain a very hard steel which wil 
carry the load of 3000 kg. without fracture, but up to the present 


riveting, service results of applications, and different designs of welded 





} 


B—RESEARCH IN PROGRESS 


f this section of Engineering Research is to bring together those without success. Tungsten carbide has been suggested, but it ha 
who are working on the same problem for codéperation or conference, to prevent been impossible to obtain this material in suitable condition in eithe 
nnecessary duplication of work, and to inform the profession of the investigators this country or Germany. Recently a very hard vanadium ste« 
are engaged upon research problems. The addresses of these investigators made at the Bureau's laboratories has been tried and shows promis: 
en for the purpose of correspondence. of success. More of it will be made, and if future experiments are 
successful, an important advance in the art of hardness testing 1 i 
B na Materials B3-23. PENETRATION TESTS FOR THE WoORKABILITY result. 
or ConcreETE Mixtures. The laboratory work in connection with 
he development of a penetration test for the workability of concrete Steel, Its Treatment and Products B3-23. Quencuina Errecrt or O 
mixtures has recently been completed at the Bureau of Standards WaTeR EMULSIONS ON GAGE STEEI Considerable time has recent 
Che outstanding results obtained from the penetration test in this been given at the Bureau of Standards to a study of the charactet 
vestigation are: (a) the relative effects of celite, kaolin, hydrated behavior of an oil-water emulsion (a mixture used commercially 
ime, and other admixtures upon the workability of the concrete have some extent) as a quenching medium in the heat treatment of 
been determined; (6) the workability of concrete mixture varies only It was found necessary to stir the mixture with high-pressure air 
moderately with change in consistency or flow and is more dependent obtain a homogeneous emulsion in which condition it was ver) 
upon the character and proportions of the solid ingredients than upon and cooled the specimen much more slowly in the upper temperatu 
the quantity of mixing mortar; (c) the workability of concrete mixtures range than oil It had the peculiar property of cooling slowly |} 
shows a maximum of medium-wet consistency 1) the workability way and then very rapidly, the time to cool to one-tenth of the tem] 
nerete mixtures depends upon two factors, segregation and lubri- ture range being about the same as for oil This unique propert 
cation, either one of which may be controlled by suitable changes in evidently due to entr ipped ir and should be studied furtl 


the ingredients of the concrete. . ; 
D—RESEARCH EQUIPMENT 


Fluid Flow B3-23. INVESTIGATION OF OrtFICE Gas Meters. For several T) al , rR R : : 
. . Co . ue yurpose of this section o engineering kesea 11 »g " 
nths the Bureau of Standards has had under way the preliminary " Shh “of ’ 
, : , : form notes regarding the equipment of laboratories for mutua af 
irrangements for an Investigation of the performance ol orifice meters ’ } . . } j / 
. ‘ . ane fe fhe purpose f anforming the 3 fes ” f he ea pme? wv 
Che investigation will be limited to a study of the orifice meter of the yeh . “ , . ™ og ha 
1 1] lahoratories so that p sons de Ui pe a ; tigal ms may kn 
used in the commercial measuring of gas, the principal problem 
' : ich rk may | 
ing to determine the discharge coefficient under all the variable cir- 
imstances which may occur within the range of commercial or engi- Iron and Steel D1-28. AppiTionaL Founpry EQuIPMENT U; 
ng practice. present time, nearly all the work of the Bureau of Standards 
Up to the present time only a few preliminary runs have been made. has been limited to the preparation of non-ferrous alloys. R 
During these runs approximate checks were made of the discharge the Bureau has purchased a small cupola to be used for investigat 
efficients of the flow nozzles which are to be used in the final measure- metal for castings used by the Bureau and other branches of the G 
vent. These runs have also served to bring out defects in the equip- ment During the past month, the construction of a charging pl 
ment and have thus furnished a basis for making alterations and im- and foundations for the cupola were completed. The installati 
provements. It is expected that actual tests will be started within a lining of the cupola are now in progress and the equipment wi 
short time. be ready for service. 
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The First Steam Locomotive Run on Rails in _ that his locomotive was designed and built by him in Ar 


America whereas the Stourbridge Lion was imported from England 
F : extended reference as to the accomplishment of John Steve 
To THE EDITOR: building and operating what was really the first locomoti 


In your issue for June, I notice on page 391 that you give a pic- America driven by steam and upon tracks is to be found | 
ture entitled “The Stourbridge Lion, The First Steam Locomotive addresses of J. Elfreth Watkins, at one time curator of the & 
Run on Rails in America.” In the article accompanying this illus- of Transportation and Engineering of the United States Nat 
tration you state, “The Stourbridge Lion was the first locomotive Museum, before the Philosophical Society of Washington, M 
placed on any track outside of England, and the first that ever 1892, and at the dedication of the monument erected by the | 
turned a wheel on the Western Hemisphere.” In justice to the ‘Sylvania Railroad at Bordentown, N. J., November 12, 15‘ 


pioneer engineering work done by John Stevens I feel that it is no FRANKLIN DER. FuRM 
more than right to correct the impressions given by the quotations Hoboken, N. J. 
I have just made from your article. ° : , 

In the year 1826, John Stevens constructed at his own expense a Boiler-Furnace Design 


locomotive with a multitubular boiler which he operated for several 
years on a circular track on his estate at Hoboken. This track 
was laid in the level ground south of Castle Point and almost im- 
mediately in front of the site now occupied by Stevens Institute 
of Technology. A model of this locomotive with the original 
multitubular boiler is now preserved in the National Museum at 
Washington. 

Not only was it three years after this achievement of John Stevens 
that the Stourbridge Lion was operated in this country, but it is 7“ 
to be noted as of no little importance to the credit of Mr. Stevens 1 Vol. 45,"No. 5, May, 1923, pp. 299-304. 


To THE Epitror: 

The writer had the pleasure of being present at the meeting 
the Metropolitan Section of The American Society of Mec! 
IEnginers when Edwin Ricketts presented his interesting 
on Boiler-Furnace Design, subsequently published in Mrecu 
IENGINEERING.! The following comments are made to 
and interpret the facts in that part of the paper which d 
wall construction. 








SEPTEMBER, 1923 


The importance of proper wall insulation and its effect in in- 
, creasing boiler economy are clearly shown in Fig. 5 of Mr. Rickett’s 
paper. The heat loss through the wall, which is composed of 
9 in. of firebrick, 4'/. in. of insulating brick, and 8'/s in. of red brick 
with a furnace temperature of 2500 deg. fahr. is 310 B.t.u. per 
sq. ft. per hr. With the wall composed of 13'/2 in. of firebrick 
ind 9 in. of red brick, the heat loss with a furnace temperature of 
2500 deg. fahr. is 776 B.t.u. per sq. ft. per hr. The saving due to 
310, or 466 B.t.u. per sq. ft. of boiler 
computation 





nsulation, therefore, is 776 

vall per hr. A 

lollars and cents 

For a boiler furnace 24 ft 

total area through 
ials 1040 sq. ft 

erates 300 davs per vear, 24 hours per day, on coal which has a 


will bring these savings down to 
wide, 20 ft. high, and 14 ft. long th 
heat radiates—side walls 
Assuming further that the boiler in the case 


which and front 


ting value of 15,. 
2000 Ib. on the grate 
ing in B.t.u 
of coal will be 
be $1073.64 


tM) 13.1 u. per Ib. and IS valued at SO per t 
with a boiler efficiency of 75 per cent 
per year equals 3,489,408,000; the sav 


178.94 per annum, and the saving in dollar 


in. thick, 6.5 insulating 
k would be required. The best insulating brick are 0 & 4 
standard firebrick size. A 


lo insulate one square foot of surface 4! 


number of red brick 


certain 





WaLL CoMPOSED i 
SRICK 


THROUGH 
BRICK AND RED 


GARADIENT 


displaced by the insulating brick—the red brick are usually 
SM 4X Zin 


the use of 


and S.5 brick will be displaced per square 
insulation 

LO40 

? at $100 per M on the ground, the gross investment in in- 

~ nus 6750 LOOO $100 or 8675. The value of the sar 

er of red brick displaced, together with the value of the ad- 

ditional red brick displaced and*the labor required to lay the addi- 

red brick, is 

6790 red brick at $20 per M with mortar $135.00 

100 red brick at $45 per M with mortar and labor 94.50 


iring the cost of insulating brick for the above area of 


Aas follow i 


$229 50 

ws Deducting this amount from the gross investment leaves a net 
i tment in insulation of $445.50. 

vestinent in insulation is therefore 


The return of the net in- 
$1073.64 + $445.50) 100 
Thus insulation of a boiler furnace is justified 

fuel-conservation standpoint alone. 
rig. 1 shows the temperature gradient through a wall composed 

13'/2 in. of firebrick and, 9 in. of red brick. The temperature 

gradient for firebrick and red brick is not in reality a straight line, 


24] per cent 


Ol 
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but it 
discussion. 


may be considered so when used in connection with this 
The penetration of ash-flow temperatures is shown 
to be about 2 4 in 

Fig. 2 shows another wall composed of 9 in. of firebrick, 4'/2 in 
of insulating brick, red brick. The temperature 
gradient through the insulated wall is shown in solid line. The 
dotted line is that for the temperature gradient through firebrick 
and red brick 


and §! in. of 


from Fig. 1, which has been superimposed to facilitate 


comparison of temperature gradients. This shows plainly that 
there | in mere e in temperature on the back of the firebrick 
Poo leg inn. cue to msulatior The penetratio of ash- 
a “_ T 
sae 
A 
Vi, 
Ti 
A 7 , 
fy 
J ‘ 
r 
. y / 4 
| } 4 
‘a 
j 
d ; 
j 
| 
j } 
f 
Pa 
~ 
{ ln 1 Wa ( f 4 
| INs 4 | h 
flow temperatures In the insulated wall ibout 2%/, in. This 
practically t] \ t solid firebrick and 
brick const tio! 
But in actual practice e insulated wall, in spite of higl 
temperature at the back of the firebrick, would probably havi 


longer life of refractory lining because, with a given boiler producing 


i given amount of steam, the temperature 1n the insulated furna 
be less than 

Insulating brick 
the red brick in brick-set boilers, or between the 
al 


Cl-¢ neased boilers 


uninsulated furnace 
installed between the firebrick and 


will the temperature in the 
can be easily 
firebrick and steel 
casing In s The proper thickness of refractory 
lining should always be allowed as a protection for the insulati 
brick. With the insulated-wall construction and capacities as 
previously mentioned, it would be highly d 
sulating brick which would withstand a 
2100 deg. fahr. 
Mr. Ricketts brings out the difficulties encountered when fireclay 


sirable to use an i 
temperature 2000 to 


without change in character or size 


is used to lay up refractory lining in boilers operating at high cap 


eities But a good v1 ide of high-temperature cement forms a 
definite bond between the firebrick and, if used, eliminates am) 
danger of cracks which would allow the molten ash to get into t 


brickwork. 

ision is that the ideal 

boiler wall is an insulated one, whether the boiler be brick-set or 

steel-encased. C. A. FRANKENHOFI 
East Orange, N. J 


fased on this information the logical conc] 
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Warren Gamaliel Harding 


By the untimely death of President Harding, the 
country has lost a kindly man who brought to the 
solution of many troublesome problems that lay in 
the wake of the war, the neighborly impulse for 
conciliation which will long keep his memory warm. 

His Foreword to the F.A.E.S. Report on the 
Twelve-Hour Shift in American Industry and the 
pledge he drew from the iron and steel industry for 
the speedy elimination of the long-shift day are 
indelible evidences of the humanitarian principles 
which will mark him as one to whom posterity will 
be grateful. 

The sorrow of the nation over the death of 
President Harding is profound and sincere. It is 
an expression of love and respect, and a recognition 
of great loss. 





The Twelve-Hour Day 


HE DEFINITE STEP taken by the United States Steel 
Corporation to abolish the twelve-hour day in continuous- 
process work is an outstanding recognition of the principle, sup- 
ported by the late President Harding and general public opinion, 
that a ‘‘twelve-hour shift day is too long when measured by twenti- 
eth century ideas as to the proper conduct of industry.” This ac- 
tion in the steel industry is of increased importance in that it points 
the way to the reduction of twelve-hour work in many other in- 
dustries. The report issued last fall by the F.A.E.S. Committee 
on Continuous-Work Periods lists some forty industries in which 
300,000 wage earners are on twelve-hour shifts. The long-shift 
workers in the steel industry number 150,000. Popular imagination 
has been excited by graphic pictures of heavy toil before fiery 
steel furnaces but the arduous twelve-hour periods in other con- 
tinuous-process work is equally in opposition to modern ideas. 
The change from the long day is a serious matter. No sudden, 
poorly conceived plan can bring permanent good to any industry 
and such a scheme may retard the consumation of desired results. 
Though hasty action in such an important matter should be avoided, 
immediate consideration of ways and means is important, so that at 
the proper moment a well-thought scheme may be put in use. The 
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F’.A.E.S. Report, referred to above should impress industrial engi- 
neers and executives with the immediate necessity for a study of the 
subject. It indeed contains many examples of the successful aboli- 
tion of the twelve-hour day, sometimes with increase in economy and 





generally with an increase in the well-being of the workers and the 
industry. 

The degree of success of the change from the twelve-hour day de- 
pends upon a great number of variables, differing in different indus- 
tries and plants, but the critical conditions of a practical plan are 
‘the readiness of the men to do more work in the shorter shift” and 
the acceptance of the management of responsibility of a high ordet 
capacity ol the ; 
Much 


fundamental and 


to plan, supervise, and control so that the productive 
men shall be steadily maintained during the shorter period 
could be said on this point. Its portance Is 
there is evidence that the change to the three-shift basis stimulate- 
improvements in management functions and in methods and equip 
ment which go far toward balancing or Inay even overbalance, the 
increased labor cost anticipated by those who compute It upon 
simple arithmetic basis. 

Dean Kimball regards the abolition 
acceptance of an industrial ideal which marks a distinct advance i 


if the twelve-hour day as the 


economic progress. His views, given herewith, are of considerabl 
interest. 

“To students of industrial history the abolition of the twelv 
hour day would seem to be a foregone conclusion. — It is a relic of th: 
dark ages of industry that are rapidly disappearing before a more 
enlightened understanding of the larger purposes of industry, an: 
particularly of modern methods of production. These purposes | i 
their essence are that men shall live more like human beings and les 
like animals. Otherwise, there is no worth-while achievement 1 
labor-saving methods, labor-saving machinery and other means o! 
increased production. 

“The argument that such changes are not economically possibl 
is the foremost argument that has been advanced against all suc! 
changes since the days of the Industrial Revolution. The entir 
history of modern industry shows that this argument is falacious 
If any group of employers and employees have a real desire t 
shorten the length of their working period it can be done. Capita 
may have to be content temporarily with smaller profits, and labo: 
may have to work more industriously, at least for the time being 
but if those who are interested in such a movement in any i 
dustry see to it that no stone is left unturned within the industry 
itself that will aid in accomplishing this end, the public will glad! 
pay the difference in cost occasioned by a reasonable shortening « 
working hours. 

As the editorial in this issue points out, any change of this kind 
a large industry is a serious matter, not to be gone into precipitate! 
but if approached in an intelligent manner the change can surely | 
brought about. Without doubt the twelve-hour shift will disapp: 
from American industry in a not far distant future.”’ 


A. P. Davis’ Dismissal a Blow to Sound 
Government 


**FINHE summary dismissal of Arthur Powell Davis from t 

directorship of the United States Reclamation Service is 
vital blow to the cause of sound government and therefore a matt 
of grave concern to every responsible citizen. It demonstrat 
that even one of our highest national executives does not hesitat: 
to evade Civil Service Law by a subterfuge, to terminate a lifeti: 
of faithful, competent service for personal or political reasons « 
so to deter competent men from serving the nation, nor to acc' 
the entire engineering profession of business incompetence in 
face of overwhelming evidence to the contrary even in the cas 
point. 

It is imperative that all who demand honorable conduct of 
nation’s affairs, and particularly that all engineers shall vigoro 
resent the action of the Secretary of the Interior, and the mot 
he is reported to have given for it.” 

The foregoing statement by John Lyle Harrington, President 
The American Society of Mechanical Engineers, is but one « 
number of forceful protests against Mr. Davis’ removal. 

The Secretary of the Interior explained his action as a ‘‘si! 
incident of reorganization and the putting of a business ma: 
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charge.”’ Although having served the Government faithfully and 
well for over forty years Mr. Davis was denied a hearing to which 
he was entitled under Civil Service regulations on the grounds that 
the office of Director had been abolished. 





A former governor of 


Idaho, D. W. Davis, took over the work under the title of ‘““‘Com- 
missioner of Reclamation.” 
At its meeting in Chicago, July 10, the Board of Director 


Civil 


s action as follows 


( American 
otest of Secretary Work 


society ol Engineers issued a statement 


Che Reclamation Service has had an honorable and creditable career 
ver twent ear Its conduct during that period has been undet 
; tant il illanee of the ff t f the Nat Ad nistratic 
er ( | the resident f the numerou mit 
the ‘ constr ed 
| t ‘ t ! h ' ‘ thie ( 
‘ tM la 1 the ( i | ! \ 
n 
hy } it ' her } j ] 
‘ | i iblic intere Phe ed 
le | ‘ is worthy example row 
| 1 le pre t ! Ir} 
~ } } n kab] ent } 
1 t } lard of } s The disn 1 Dire r | 
hie ‘ lire ’ +} } é t t hye wor 
OL ‘ 1 t Written statement of reasons for dis 
i | te ( es er i i Ss requ ed 
t } 
eported re of better administration advanced for the rep! 
the Director iecessor under the new title of Commissi t 
t L pretext w is refuted by the long and honorable bu 
j the D 1 j l, in comparison with such record as we ca 
Fe the ap elected to succeed him The implication that 
rs are not Nn tent business administrators is refuted by numer 


rineers who today are conducting as executives, many of the great 
id systems, public utilities and industrial enterprises of this and other 
tries, and the U. S. Reclamation Service is peculiarly an engineeri1 


better administratic 
led asa perversion of the proper precepts o! 
eds of an ever present political situation 


Board deplores the action 


he Board fears that any pretext of n could only be 


i rightful economy to suit 


taken by the Secretary of the Interior, for 
llowing reasons 

Chat it will work irreparable injury to the public service in the break 
of morale and confidence of public employees 


That it is an injustice to a man who has given forty-one years of 
il and valuable service to the Government of the United States 
That arbitrary methods of not 
rnment based upon equality and fair dealing 
+ That the change now inaugurated bears evidence of an attack upon a 
thy and highly creditable branch of the go" 
( il needs 


removal are creditable to a popul ur 


ernment service to serve 


That the conversion of the Reclamation Service into a politic il ma 


would result in the withdrawal of public confidence and national 


il support with the resultant injurious effect upon the development 
West. 


Che serious feature of Mr. Davis’ dismissal is its discouraging 
t on the large number of extremely capable engineers who are 
he service of our Government. John R. Freeman, Past Presi- 

of both The American Society of Mechanical Engineers and 
American Society of Civil Engineers, in a letter addressed to 
‘lr. Davis stated that “nothing recently has so shocked me as 
tending to the destruction of public service of high quality as the 
suncement of your dismissal after forty years of faithful service 
i record of admirable efficiency.”” L. W. Wallace, Secretary of 
American Engineering Council, wrote that “this incident 
undermine the morale of all the technical agencies of the 

«overnment and may lead the most competent men to accept more 

lily engagements with commercial agencies, thus interfering 

With the efficient operation of the technical bureaus of the Govern- 


Engineering News-Record emphasized the seriousness of the 
incident and stated ‘that it may well be the beginning of a 
ement at Washington to make the government engineers 
the day-laborers of engineering work, the bosses of the 
rete gangs, the instrument men of the surveys, the draftsmen 
the estimators, leaving the direction of all of these to the so- 
d business man, who changes with each new administration 
even with the political exigencies of the administration itself 
'’. R. Low summed up the situation in a strong editorial in Power, 
ibstract of which follows: 


4 i 


The hoped-for recognition of the importance of the engineer in 


covernmental functions got a setback, when Arthur P. Davis was 
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asked by Secretary Work of the Department of the Interior to 
hand in his resignation as Director of the Reclamation Service 
‘Why was he put out? 


he reason given by the secretary is that he wants to put a 
I) Isiness Man in charge So he appoints aman who WAS A SUCCESS 


ful grocer. not so nec fy 


il a banker, but a clever politician 


\nd so we have th pectacle of one highly professional man 
not a | ness mal lf, by the wa a past president of the 
(meri Medical Soe dismissing another highly professional 

! { pl Lf t (merican Society of Civil Engineers 

l ha Commissioner’ of a service 
large ; | engineering 
an. t y is all 1 ¢, ! unchallenged +} 
gy y er 1 ‘ 
C ling bn kling 
CHRINM ae | it Ib! tl ( 
g she L be n pre t oO! 
‘ { lisn f Mr. D 


Definition ot Net (;enerator Output 


THE Elect Apparatus Committee of the American Institute 
ie} 7 Ameri 


( etrical k.ngmeers has outlined a set ot det tions to r 
ipplied n aetermihning the output ol electric generators These 
definitions have been divided into two principal parts, the first part 
covering measurements for station logging purposes where great 
vecuracy Is not necessary, while the second part covers test condi- 


tions where greater refinement 1s necessary. 


to The 


matter |! s bee! submitted 
Mechanical Engineers for comment. 


Phi 


membership will have 


American Societ) 


definitions as they now stand are given below, so that the 
an opportunity of criticising them Any 
member having comments to offer will please address their com- 
munication to Herbert B. Reynolds, Secretary 
600 West 59th Street. New York City 
‘For the purposes of station logging the generator output 
shall be considered to be the kilowatt-hours generated in @a 
given period by the main unit 


Power Division, 


“For purposes of efficiency determinations of the generators 
themselves or for purposes of comparison with other units this 
definition shall be modified in accordance with the following 
paragraphs: 

1 In the case of a separately driven exciter, minus the power 
consumed in generator field and field rheostat. 

» 


In the case of a separately driven ventilating fan, minus 


the power input to the fan. 

3 In the case of a direct-connected exciter, plus the kilo- 
watt-hours generated by the exciter minus the power consumed 
in generator field and field rheostat. 

4 In the case of a direct-connected auxiliary unit for supply- 
ing excitation and for power for turbine auxiliaries, plus the 
kilowatt-hours generated by the auxiliary unit, minus the 
power consumed in generator and auxiliary unit fields and field 
rheostats.”’ 

H. B. ReyNo.ps, 
Power Division A.S.M.E. 


Secretary 


Errata 


On page 473 of the August issue of MECHANICAL ENGINEERING, 
in the paragraph on The Salt-Velocity Method of Measuring Flow 
P| part ol the papel on Modern Hydraulic Turbines of Large 
Capacity, by H (y \cres), the 


“and uniform section” 


following words should have been 


omitted in the fifth line of the paragraph, 
ninth and tenth 


fourteenth line 


section In the lines, and “an In- 


“ob uniorm 
stantaneous’” in the 


On page 426 of the July tssue ol 
Mr. Toltz’s discussion of Mr. Hood’s paper on Lignite Char, refer- 
ence is made to “lignite of 5400 B.t.u.” ‘his should read “‘lignite of 
12.060 B.t.u rhe lignite in question was mined at the Mine 
ernst of the Anhalt Coal Co. in 


brown coal.’ 
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Formulas for Computing Economies of Labor-Saving Equipment 


Committee of A.S.M.E. Materials Handling Division Studies Problem of Evaluating Labor Saved by 
Practical Application of the Formulas Devised 


Improved Processes 


HE COMMITTEE appointed by the Executive Com- 

mittee of the A.S.M.E. Materials Handling Division 

to consider and recommend rational formulas for computing 
the economic results, under stated conditions, of the installation 
of labor—conserving industrial equipment, has submitted the 
following report for consideration. 

The problem presented is one of comparative costs. The ten- 
dencies in current practice which it is desired to correct are simply 
lack of consistency in treating the debit and credit items involved. 
Incidental items, such as interest on investment, taxes, maintenance, 
depreciation, obsolescence, ete., in other words, “fixed charges”’ 
or “burden,” are currently accounted on the debit side when 
calculating the costs of substituting mechanical processes for 
manual ones. It seems, however, to have been unusual to make 
any contingent addition in calculating the monetary value of 
labor saved by improved methods. 

In principle the desired formula represents simply a math- 
ematical expression of such debit and credit items as are involved 
in the proposed new method, or process, as compared with previous 
practice. In highly organized and thoroughly systematized in- 
dustrial practice, however, direct expenditures and direct economies 
are frequently of less importance in their monetary value than 
related incidental expenditures and economies. For instance, 
labor is employed in the factory for processing a raw material, 
which is thereby enhanced in value and becomes the factory’s 
product. As a rule the total cost of the process will consist of, say, 
one part “direct labor’ (labor which can be charged directly to a 
single process, or part of the product) and from one-half to three 
parts “fixed charge,” “burden,” or operating charge, consisting 
of “indirect labor” (labor which is of general utility and not charge- 
able directly), and such items as superintendence, employees’ 
liability, welfare activities, maintenance of buildings and ma- 
chinery, fuel, supplies, insurance, depreciation, taxes, accounting, 
ete. . 

The real problem in composing a formula, therefore, is not one 
of mathematics, but of economics. Not only should there be 
added to each dollar expended for improved equipment a suitable 
incidental amount (in percentage of the capital invested) to cover 
fixed charges or burden, but also a suitable incidental addition 
(in percentage) should be made to each dollar’s worth of labor saved, 
as its proportion of “burden” saved. The extent of the expendi- 
ture for items accounted as burden will usually bear some fairly 
proportional relation to the amount of labor performed. 

When calculating the cost of the finished product, if an improved 
process or equipment affects the amount and hence the cost of the 
“direct labor,” then, for the most accurate results, the burden 
should be applied to labor saved at the same rate as labor used. 

For the purpose of ascertaining the cost of the product, non- 
productive labor, as a part of burden, should not be considered as 
subject to any contingent addition for burden. Yet for certain 
classes of accounting, particularly where comparative economies 
are being considered, non-productive labor may carry all items of 
burden that are chargeable to direct labor, except that it carries 
no contingent addition for its own class of indirect labor. It entails 
superintendence, employees’ liability, welfare work, penalties for 
overtime and holidays, capital for payrolls, housing, heating and 
lighting, with the incidental maintenance, taxes, depreciation, 
and other charges, in the same way as direct labor. 

Since a new process must of necessity be considered in comparison 
with an established process, no “burden” need be considered in 
respect to the labor used in either case, because the burden charge 
per unit of labor in one process will offset an equal unit of labor in 
the other process. The difference in labor required, however, 
must, in the interest of accuracy, be subject to its appropriate 
addition for “burden.” For this class of cost accounting the cost 
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department of an industry should ascertain the proper percentage 
to add for burden on both “productive” and “non-productive” 
labor. 

Handling materials is practically always an important item of 
cost in manufacturing. With a complex product it would be 
difficult to charge handling costs to individual materials: 
is usually accounted as “non-productive” labor and distributed to 
various items of product, through an addition in the way of 
percentage on direct labor, or an equivalent method, in commo 
with other items of ‘‘burden.” Here we have an example of labo: 
expended in handling miscellaneous materials which would be 
accounted as ‘“non-productive” labor. 

If, however, we consider the employment of labor in trans 
portation, in the handling of miscellaneous materials, it would 
naturally be accounted as “direct” labor, since it accomplishes a: 
important and definite step in the process of transportation, and 
should therefore be subject to its pro rata share of all fixed charge 
whether it is labor used or labor saved by an improved proces 
or by the substitution of mechanical process. 

In the opinion of the committee, current practice which usuall) 
takes no account of “fixed charges” or “burden” on the excess o! 
labor used by one process or on the labor saved by another process 
represents a grave error in any analysis of comparative costs. Als 
in some cases where “burden” is added to “direct labor” in eal- 
culating comparative costs, it is omitted entirely where the labor 
accounted as “non-productive,”’ or indirect. 

Based upon these considerations the following rule for setting 
value upon labor saved by an improved process has been evolved 


and it 


Whatever valuation is arrived at in cost accounting as the cost 
per unit of labor used in production, also establishes the value pet 
unit of labor saved by an improved process. For simplicity, no 
monetary value need be placed upon labor employed in compara 
tive processes, except upon the amount of difference in labor rv 
quired at the current rate paid, plus “burden” or an equivalent 

Other items of cost should in Jike manner be accounted at the 
same rate as for similar items in making up the cost of product 

In calculating comparative cost a new item is introduced whi 
never becomes a factor in regular cost accounting, namely, t! 
monetary value of increased production. The profitableness 
any industry stands or falls upon the relation between total 
of production and total volume, and hence value, of product 

An increase of product with a given equipment will affect t 
spread between cost and the market value of product just as vita 
as an equivalent reduction in some or all of the items of 
Accordingly, no system of comparative cost accounting can pret 
to even approximate accuracy which does not place a suit: 
valuation upon increased productivity. 

In placing a valuation upon increased productivity it should 
borne in mind that in any industry the volume of product requir 
to just meet the costs of the plant and a given organization affor 
no profit; also that any product above that amount is obtai 
without any manufacturing cost whatever; hence the rule: 


In a comparative accounting increased production will alwa 
carry a higher value than that attached to normal production 
The Committee therefore unanimously recommends the follow 
methods: 


Let: 
A = percentage allowance on investment 
B = percentage allowance to provide for insurance, taxe 
Debit ( percentage allowance to provide for upkeep ; 
amen D = percentage allowance to provide for depreciation 
obsolescence 
E = yearly cost of power, supplies, and other items whi 
consumed, total in dollars 
S = yearly saving in direct cost of labor in dollars 
Credit T = yearly saving in fixed charges, operating charges or bur 
in dollars ‘ 
Items U = yearly saving or earning through increased product % 
in dollars . 
5 
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X percentage of year during which equipment will be 
employed 

I initial cost of mechanical equipment 

Z maximum investment in dollars justified by the above 


consideration 
fesults Y vearly cost to maintain mechanical equipment ready for 
operation 


J yearly profit from operation of mechanical equipment 


\ (S+ T+ E)X } 


Feeling that handling machinery, even if left idle a large part 
the year, would probably require, under most conditions, ap- 
ximately the same repair through deterioration as though in 
e, the Committee makes no deduction for such lack of use in the 
timated cost of upkeep C If greater accuracy be considered 
essary, use C multiplied by X in place of C in the formulas 


APPLICATIONS OF THE FORMULAS 

\s an example of an application of the formulas, assume that the handling 
cellaneous materials about a factory which has formerly been don 
men receiving $3.50 per day each, or, allowing 300 days per year, at 

nual direct cost of $4200, can be done by one man operating an electri 

ge-battery industrial truck at a direct-labor cost of $1050 per year 


effecting a saving at the rate of $3150 per year in direct-labor cost 


Assume also that through the greater promptness in moving material 
the 1 re continuous operation ol machines there is an increase 
due to increased produc tion, valued at $650 per vear ilso that the 
ed, being acc inted as “‘non prod ictive carries a fixed charge 
10 per cent Ir tual practice the plant operates 240 d 
SO | the time Pha t erefore, ar 
j f . 
| t) pM S S15 
B 1 per cer ] LS 
( 0 per ee I 650 
y 
ie) , per \ SO | ( 
! $450 
~ l i) . ] sf). >f) S15) » 
ps 
) 
tes that equipment costing an m below $5351 ‘ 
fit above interest on investment and maintenance 


ime that an electric storage-battery industrial truck will meet the 


; stated and that its « will be $2200 Then the yearly cost t 


equipment ready for operation, exclusive of labor, wi be ex 
i the formula, Y I(A + B+ C + D) or $2200 X 55 per cent 
$1210 Then the profit from operation of the mechanical equipment 
g to 5] becomes ($3150 + $315 4+ $650 S450 X< O.S0 
$1722 
The profit V, or $1722, represents an annual earning upon the init 


over all items of cost, of over 78 per cent 
le be applied to handling cargo at a railroad or 
and subject to all fixed 


wever, our examp 
e terminal where the labor is productive lal« 
in important difference in result will be had, indicating 
rtance of the factors 7 and a, and the necessity of placing proper 
s upon them if reliable results are to be had. 
ue an example of an application of the formul 


ges as burden 


i- issume th it in 
ng miscellaneous cargo at a marine terminal, work which has formerly 
ne by four men receiving $3.50 per day each, or, allowing 300 days 


ear, at an annual direct cost of $4200, can be done by one man opera 


electric storage-battery industrial truck at a direct-labor cost of 

1) per year, thus effecting a saving of $3150 per year in direct-labor cost 
ce this labor is productive labor, it will bear its pro rata share of all 

ges, estimated at 50 per cent and to be added to the direct-labor 
representing a further saving of $1575 on account of labor Also 
through the greater promptness in unloading and loading vessels 
cent more ships ean be accommodated, accounting for 15 days’ extra 
Assuming the investment in the pier to be $1,000,000 

, at 10 per cent, we have a credit item of 0.5 per cent 
e divided, s ivy, between 20 electric trucks, or $250 per truck per annum 


pplying the formulas as in the previous example, we have 


| the pier yearly. 


interest, taxes, etc 


: ($3150 + $1575 + $250 $450 ~< SO 
Z : aa 


oo 


$6582 permissible investment 


rhe yearly cost of operation is Y = $2200 * 0.55 = $1210 as in the 
ous example. The profit above maintenance charges, V, will then be 
$3150 + $1575 + $250 $450) * O.SO $1210 = $2410. 
rhe profit $2410 represents an annual earning of nearly 110 per cent 
the investment in this ease in place of 78 per cent in the previous ex- 
iple, all factors h iving been upon exactly the same basis except T (yearly 
ing in fixed charges) and U (yearly saving through increased production). 
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The following summary shows the relative value of the same 
device applied to two conditions, first, where the labor employed 
in the work is unproductive as regards producing an article of 
manufacture, and, second, where the labor used produces the sal- 
able commodity, in this case material handling 


CasE 1 CASE 2 
Handling ir Handling in 
Factor Marine ‘Ter- 
minal 
( S990) S210) 
Z 331 6582 
} eal , { ‘ 1210 1210 
Y. profit trot , 1722 2410 
Pe 78 110 
\ study of this comparison indicates that with suitable values 
given to the factors the formulas proposed show not only the 
dvantages obtainable under various conditions, but also that a 
device may be much more valuable per dollar invested in one 
maustry thi: l il ther The ditt rence shown would have he en 
much I re pl ll { had regular stevedores’ wages been used 
r the wages of the man at the marin¢ terminal. 


; 


The personnel of the committee which prepared this report 
consisted of W. F. Hunt, consulting engineer, New York, J. A 
shepard the Shepard Electric Crane & Hoist Co., Montour 
Falls, N. Y., and C. H. Newman, New Yorl 
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* Nott Items 89, 91, 92, 93, 94, 95, 96 and 98 0.24 is the value in 
common use for the specific heat of dry gases This value is not exac tly 
correct and if extreme accuracy is desired the true specific heat should 


be calculated from the gas analysis. 

Nore—I tems 90, 91, 92, 93, 94, 95, 96, 98 and 99. These formulas are 
correct only when the total moisture in the gases is less than that necessary 
to saturate the gases of the final temperatures indicated. If the relation 
of moisture and temperature is such that some moisture will be condensed, 


these items should be corrected for the heat given up by the condensing vapor. 
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Engineering and Industrial Standardization 


Recent Progress in Standardization of Particular 
Interest to Mechanical Engineers 


A.E.S.C. Considers Specifications for Cast-Iron Pipes. The 
American Gas Association has submitted for the approval of the 
American Engineering Standards Committee three specifications 
for cast-iron pipe and special castings. 

These specifications were developed by the American Gas Insti- 
tute in 1911, at which time the dimensions for bell-and-spigot 
1913 the 
dimensions for flanged castings, and specifications governing the 
manufacture of all cast-iron pipe and specials, which were derived 
from an old standard adopted in 1905 by the American Gas Light 


castings were adopted. In Association adopted the 


Association. 
with the standards designed by the Society of Gas Lighting in 
1890. It is said that the specifications now under consideration 
are in general use for underground gas pipes throughout the U.S 

The A.E.S.C. has appointed a large and thoroughly representative 
special committee to consider the application for the approval of 
these specifications, and sponsorship for future revisions under 


These again were based on seven vears experience 


the regular procedure involving the organization of a representative 
sectional committee to consider and develop any changes required 
S. G. Flagg, Jr., one of the representatives of The American Society 
of Mechanical Engineers on A.E.8.C., is chairman of this 
mittee. He will be glad to receive at his address, 8S. G. Flagg and 
Company, 1421 Chestnut Street, Philadelphia, Pa., 
relative to the approval of the A.G.A. Standards and to the stand- 
ardization of cast-iron pipe and fittings in general. 


Overhead-Line-Material Specifications. The American Electric 
Railway Association has submitted its specifications for overhead- 
line material for action by the A.E.S.C., to determine the question 
of sponsorship and to arrange for the submission of the specifications 
already developed by the A.E.R.A. to a duly organized sectional 
or working committee, which will make such revisions and additions 
as may be necessary to bring these specifications up to the full 
status of an “American Standard.” The special committee to 
consider the question of sponsorship and scope of the specifications, 
which are also of direct interest to other than electric-railway 
interests, is headed by A. H. Moore, representing the Electrical 
Manufacturers’ Council on the A.E.S.C., and includes representa- 
tion from the National Electric Light Association, American Rail- 
way Association, Electricai Manufacturers’ Council, American 
Institute of Electrical Engineers, American Electric Railway 
Association, American Short Line Railway Association, and the 
Bell Telephone System. 

The attitude of the A.E.R.A. in submitting its specifications 
for this action by the A.E.S.C. will very definitely favor the uni- 
fication and elimination of conflicting specifications in this field, 
which is a very important one to a large group of industries and 
involves expenditures of great magnitude annually in construction, 
maintenance and replacement of power, light, telephone, telegraph, 
and railway signal lines. 

Test Methods for Materials for Concrete Approved. The following 
A'S.T.M. methods of testing materials entering into concrete 
have been approved as “Tentative American Standards” by the 
American Engineering Standards Committee: 

Method of Test for Unit Weight of Aggregate for Conerete 
Method of Test for Voids in Fine Aggregate for Concrete 
Method of Test for Organic Impurities in Sands for Concrete 

The method of determining the impurities in sands had its 
origin in an investigation, begun in 1916, of a variety of concrete 
mixtures with different sizes and gradings of granite. The test, 
as a method, has proved itself useful for prospecting for sand 
supplies, preliminary examination of sands in the laboratory, and 
checking the cleanness of sands on the job. 

The method for determining unit weight is the result of a very 
considerable amount of coéperative inyestigational work in which 
seven laboratories participated. The investigation shows that 
the particular method adopted gave more reproducible results 
than other methods; it was found in practice to be simple and com- 


conmi- 


suggestions 


mercially satisfactory and to furnish an easy basis for the com- 
putation of the percentage of voids. 

In approving these standards the A.E.S.C. acted upon the 
recommendation of a special committee containing representatives 
of twelve interested organizations and under the chairmanship ot 
Mr. T. H. MeDonald, Chief of the Bureau of Publie Roads 

The American Society for Testing Materials will act 
for future revisions of these test methods. 


as Sponsor 


Railway-Bridge Specifications. Specifications of interest to the 
railway and structural-engineering fields have recently been sub 
mitted by the American Railway Engineering Association for ap 
proval by the American Engineering Standards 
\merican Standards. They are as follows 


Committee as 


General Specifications for Steel Railway Bridges for Fixed Sp 
Less Than 300 Feet in Length, 1920, revised to May. 1923. 


Specifications for Movable Railway Bridges, 1922 
A.ES.C. to 


suitable for 


\ large special committee will be appointed by the 
determine whether these specifications are adoptior 
as national standards in this country. All the principal organiza 


tions interested in these two subjects will be invited to appoint 
representatives on this special committee. 
In submitting the specifications the A.R.Ie.A 


General Specifications for Steel Railway Bridges 


states that ‘“‘the 
and the Sper ica 
tions for Movable Railway Bridges were prepared by Committec 
XV on Iron and Steel Structures, of the American Railway Engi 
neering Association. This is a standing committee and it has pre 
pared all specifications for steel bridges adopted by the Association 

The A kK S.C would be very glad to learn from those interested 
of the extent to which these specifications are considered to meet 
the requirements of bridge-building practice and railway service 


Dictionary of Specifications. For the purpose of bringing about 
the general use of specifications as the basis for the purchase ol 
supplies by the federal, state and municipal governments and 
public institutions, plans are now being inaugurated by the Depart 
ment of Commerce for collecting into one dictionary or encyclopedia 
such specifications as have proved most satisfactory for this purpose 

In this dictionary will be included not only the specifications 
formulated under the Rules of Procedure of the American Engineer 
ing Standards Committee and those developed by the Federal 
Specifications Board, but all other specifications known to be 
satisfactory for the purchase of commodities not as yet covered 
by the specifications of the Board. 

In selecting specifications for inclusion in the dictionary du: 
consideration will be given to the attitude of the producers and 
consumers of the commodities toward them. In addition, federal 
state and municipal governments and public institutions will be 
consulted. A comparison will be made between Government speci 
fications and specifications for the same commodities formulated by 
well-established organizations of producers and consumers. 

Dr. A. 5. MeAllister, engineer physicist, Bureau of Standard 
who during the past two years has been liaison officer of the U. 8 
Bureau of Standards and the Federal Specificasions Board, assign: 
to the headquarters of the American Engineering Standards Con 
mittee at New York, has been recalled to Washington by Secretary 
Hoover for this special work. He will welcome suggestions al 
data which will assist him in making the first edition of this volu 
as complete as possible. 


Standardization of Railroad Ties. The personnel of the Sectior 
Committee for the Standardization of Railroad Ties is now 
nounced by the American Engineering Standards Committee. M 
John Foley, connected with the Pennsylvania System at Philad 
phia and the representative of the American Railway Elect: 
Association on the Committee is its chairman, and Mr. Arthur JT 
Upson, the representative of the U. 8. Forest Service, has bec: 
elected secretary. Mr. Upson’s address is care of the For 
Products Laboratory, Madison, Wis. 

At present the Committee is made up of representatives of 15 
organizations. Of its 16 members, 7 are classed as producer 


5 as consumers, and 4 as general interests. 
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Kent’s Mechanical Engineers’ Handbook 


Kent's Mecuanicat ENGINEERS’ HanpBoOOK By the late William Kent 
M.E., Se.D Tenth edition rewritten by Rorbert Thurston Kent 
M.E., editor-in-chief, and a staff of Leather and atho 
leather, 4! 7 


specialists 

7 in., profusely illustrated, $7; $6 
The issue of a mechanical engineer’s handbook is an interesting 
ent to the entire profession We are able to present reviews of 

e new “Kent” by Dr. Arthur M. Greene, Jr. and R. J. 8. Pigott 


lCDITOR, | 


§ hove tenth edition of Kent’s Mechanical Engineers’ Handbook, 
written originally by the late Wm. Kent, is rewritten by his son 
Robert Thurston Kent, M.E., and a staff of specialists. This new 
iture of having associates reponsible for definite parts ol the 
rk has greatly increased the value of this well-known reference 
wok and gives it even more authority than it had in the previous 
eclitions. 
Although the general subjects discussed in this new edition are 
uut the same as in the former editions, the arrangement of the 
itter is changed greatly and the present form is much more 
convenient than that used previously. The plans of having each 
f the twenty-six sections of the book begin with a table of contents 
f the section, with its subdivisions, and having a bibliography 
each section or subdivision, are both commendable. These 
vill be very helpful to the users of the book. 
lhe book has been brought up to date in many places, some 
erences being made to articles appearing in the early part of 
1923. Although many references to modern practice have been 
brought up to date it is to be regretted that in parts of the book 
| data have not been entirely eliminated. The section on steam 
ilers does not contain data on operation of certain stokers of 
the chain-grate type which should be in the hands of engineers 
lhe form of modern firebox even with underfeed stokers on large 
boilers of the Stirling type is not mentioned. The same is true in a 
other places. 
Chis book like the “‘Kent Bible” of the nineties is fitted to answer 
t of the questions the mechanical engineer may ask in the 
If he wants 
now how large a turbo-generator has been operated and tested 
in turn to the most excellent section on the steam turbine and 
water rates and other data. By the method used in this section 
Prof. A. G. Christie, its author, he can compare probable water 
inder other operating conditions and find the total steam 
led. The section on materials will give dimensions of 
ttings, valves, and bends after the size of the pipe is fixed frorn 
flow found in Section XIII. This 
will give data regarding feedwater, heaters, economizers, condensers 
| other auxiliaries. If sizes of parts are to be investigated, this 
tion and Section XVIII on machine design will give the necessary 
iulas and tests 


ration of a plant he is laying out or managing. 


pipe 


aata on steam section 


Che strength of various beams and columns, the dimension sheets 
the sections on lighting, heating and ventilation, and 
electrical engineering are all available to complete the design of 
t while Section XXII on buildings will give data 
rding foundations, walls, and reinforced-concrete and framed 
tures 


ranes, 


power house, 


‘or general manufacturing the sections on power transmission, 


portation, hoisting and conveying, friction, and lubrication 
vill be of particular value. The section on power transmission 
has been rearranged by Mr. Kent and is much more helpful than 
it Was in the earlier editions. The section on transportation 
is most excellent, dealing with locomotives, automobiles, and air- 
The section on hoisting and conveying is well presented 
and gives data for all kinds of material-handling apparatus. 
lor shop work in manufacturing, for refrigeration, and for safety 
engineering as well as for marine engineering, sections are provided 
and the plant manager or designer can turn to these for most all 
of the data he may need in his work. 
he matter dealing with materials is now arranged in such a man- 


lanes 


li 


‘r that data relating to definite groups of materials are brought to 
gether in sections Section III on 
materials, with certain information regarding weights, 
sizes, and tables of standards. 


General data are given in 
safe load 


Section LV is on strength of materials 


and contains much data from tests. Section V is an excellent 
one | Bradley Stoughton on iron and steel, while Section VI is 
on the non-ferrous metals and alloys. It is not easy to under- 


’ rtain data regarding cast iron and malleable iron were 
not plac d in Section \ in place of sec tion © on shop practice. 
Section IX on air includes data regarding the compression of 


air and its sul sequent transmission Thi 


stand why 


i data on fans and blowers 
are quite complet 
For those installing hydr iulic apparatus, X on 
hydraulics and water power and Section XI on pumps and pump- 
Ing engin Mr. R. E. B. Sharp who has written 
the section on Hydraulic turbines has brought it up to the latest 
developments and this 


spective sections 


Section water 


will be of interest. 
is true of all of the associates in their re- 


Section XII on fuels and combustion contains numerous tables 
of fuel data and also methods of calculating actions which may 
take place within furnaces 

The work has been increased in size from about fifteen hundred 
Much of this is due 
to new tabular data and to figures showing apparatus and curves 
giving test relations. Many figures of machine parts are shown to 
aid the designer as well as dimension and clearance sheets to give 
information for preliminary layouts. Some of the increase is due 
to the addition of test material in the various sections to make them 
of greater value 

In going over the text certain omissions have been noticed which 
are regretted by one who would like to see an all-inclusive book. 
The absence of any data regarding hyperbolic functions, spherical 
trigonometry, the use of semi-log paper, Rankine’s methods of 
rectifying arcs, the strain formula of combined stress, and of modern 
data on flat plates was noted in this hasty review. Of course the 
editor of such a work must decide what is to be included and what is 
to be omitted, and the reviewer can only Say that he wishes these 
things were in the book. 

The book ippr als and will be welcomed by the profession as @ 
valuable idjun¢ t to the books used at present. 

ARTHUR M. GREENE, JR.! 


rhe new edition of Kent's Handbook shows evidence of a 

deal of painstaking work in the thorough revision that 
been carried out. In the materials section the information on 
refractories and acid-resisting materials is useful, although it could 
} 


pages to almost twenty-three hundred pages. 


great 


has 


probably © ¢ nlarged 
The extensive tables that have been one of the strong features 
of this handbook are still further enlarged. The 


much of the strength-of-materials section is new and excellent: 


treatment ol! 


the section on iron and steel is also very well done and has been 
a much needed extension over the earlier material he 
brief, expression of 


given 


a good, thoug! 


material on deaeration gives 
the present knowledge on the subject. 

The section on non-ferrous metals and alloys contains consid- 
erable material that is simply unknown to the average engineer 
and is very hard to obtain, as but little real material is published 
We certainly need more information generally 
non-ferrous under 


on the subject. 
on the behavior and 
high working temperatures. 

In the section on heat, the transmission of heat in boilers and 
condensers is carried as far as the present chaotic mass of data will 
permit. The work of George A. Orrok on condenser tubes seems to 
be one of the very few attempts made to arrive at rational solution. 
The heat-insulation section is extended and well done. 

The compressed-air section is full enough in treatment to be very 
useful; usually this subject is so badly underhandled as to be nearly 


properties of materials 


Dean, School of Engineering, Princeton University, Princeton, N. J 


Mem. A.5.M.E 
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useless. The use of Mr. Hagen’s curves for fan capacities is com- 
mendable since this form of arranging performance data is about 
the most useful that has yet been devised. It would be a boon if 
all the manufacturers would use this form of curve, as it comes 
close to removing most of the mystery from the time-honored 
methods of treating fan performance, so that an average engineer 
can pick out the right blower. 

The treatment of hydraulic turbines is much improved, and the 
free use of characteristic diagrams is of advantage. The material 
on centrifugal pumps immediately following gives a clearer idea 
of the similarity in the general theory. 

The material on pulverized fuel, which oecupies the center of 
the stage just at present, is necessarily very brief; the art is in such 
a stage of rapid, almost violent, development, that it is unsafe to 
attempt to tie down facts just now. 
are not sure of much. 


Even the builders themselves 


The boiler and stoker material has been entirely rewritten, and 
at last the hand fire has been relegated to the place it belongs 
obscurity. The treatment of performance from the point of view 
of the elder Kent’s formula is interesting, although the writer 
personally prefers analysis on the basis of the input-output line, 
together with Lucke’s method of analyzing heating surface and 
furnace efficiency. 

The turbine section is exceptionally good; the difficult subject 
of stresses and critical speeds, and test data, is worthy of particular 
notice. The increasing use of thermal and Rankine efficiencies 
as a means of comparison instead of water rates has now become 
firmly established, and is largely used in this section. 

The handbook as revised, contains an unusually large collection 
of tabular data, and should easily renew its long, continued popular- 
ity. Handbook arrangement is largely a matter of taste; two 
other methods have been employed in the writing of similar hand- 
books, but there is little difference in use, provided the indexing is 
good. The writer hopes that hand book publishers will one day 
have the courage to abandon the abominable little fat volume and 
adopt the 9 in. by 12 in. desk-book size that Fred Halsey employed 
for his Machine Designers Handbook. No one ever tries to carry a 
so-called pocket book in his pocket and the larger size gives oppor- 
tunity for a much better scale of charts. 

R. J. 8. Picorr.' 


The Life of Yarrow 


ALFRED YARROW His LIFE AND Work. Complied by Eleanor C. Barnes 
(Lady Yarrow). Longmans, Greene & Co., New York: Edward 
Arnold & Co., London, 1923. Cloth, 6 X 9 in., 328 pp., illus., $3.50. 


"| HE life of Yarrow is a welcome addition to the too 

list of inspiring biographical works about engineers of great 
character. Alfred Yarrow was great in that his outstanding 
mechanical ability did not outshine his sweetness of soul and the 
story of his life, simply and sympathetically told by Lady Yarrow, 
should be in every technical library. 

As a schoolboy, Yarrow, bright, quiet and lovable, was_profi- 
cient in mathematics and physics. He showed his mechanical 
genius at an early age in devices to perform some of his irksome 
houshold duties. While serving his apprenticeship, which de- 
manded early rising, he constructed an arrangement which lighted 
the fire in his mother’s room and in his own room ten 
before the alarm clock sounded. 

He attended all the scientific lectures that he could and, becoming 
intere.ted in the telegraph, erected the first private telegraph 
line to London, crossing several properties and two public roads. 
The overcoming of popular objections to this line brought out 
the characteristics that seemed to underlie Yarrow’s future success, 
for he later pointed out that the mechanical part of an enterprise 
frequently gives less trouble than the diplomatic side, and that 
“to show patience, courtesy, tact and, in the end, to obtain what 
is desired whilst remaining on friendly terms with all concerned— 
is the real art of business.” 

Toward the close of this apprenticeship, Yarrow designed a 
successful scheme of steam plowing. Steam plowing, however, 
was not suited to English conditions and his royalties were not 


short 


minutes 


1 Mech. Engr., Stevens & Wood, New York, N. Y. Mem. A.S.M.E. 
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large. Then he turned his attention to a steam carriage, but his 
activities were halted by the passage of a bill forbidding the use 
of steam on a road unless the carriage were preceded by a man 
carrying a flag. 

Yarrow with a partner established his modest shops and after 


many vicissitudes built a steam launch which was successful. Thus 
he became established in marine work. His successes came 
fast upon each other from then on and his workmanship and de- 
sign were in great demand for high-speed boats of all kinds. His 


ingenuity and resources were sought by many individuals and 
governments. Stanley sought his help to navigate the Congo; 
the British Government wanted boats to relieve Gordon at Khan 
tum, and later he supplied torpedo boats. In the great war, de 
stroyers were his principle contributions and valuable ones they 
were. Yarrow’s life and work is a story of marine development 
over an exceedingly important period. 


Book Notes 


APPLIED PERSONNEL PROCEDURI By Frank E. Weal MeGraw-H 
Book Co., New York and London, 102 Cloth, 6 Ss 102 p 
oa 

This book is not intended to be an exhaustive treatise on px 
sonnel administration, but rather to describe in concrete fashio 


a number of phases of personnel management with which the wor 
of the author has made him familiar. He writes from long expe 
lence as a worker, as head of a personnel department, and as a gen- 
eral executive. The methods that he describes will fit both larg 
and small organizations and have been tested by use 

AUFGABENSAMMLUNG ZUR FESTIGKEITSLEHRE. By R. Haren 


Gruyter & Co., Berlin and Leipzig, 1923 
diagrams, tables, $0.25. ' 


W alter 
Boards, 4 X 6 in., 116 py 


In a volume of convenient pocket size and of small cost the auth 
has collected sixty-six problems relating to the strength of material 
which he presents with complete solutions. 


The problems «1 
those that occur frequently in machine design. 


AUTOMOBILE SHop Practice. By Edward K. Hammond and F. D. Jo: 
Industrial Press, New York, 1923. Cloth, 6 K 9 in 


306 pp., ill 
$3. 


This treatise takes up the manufacture of automobiles as carri: 
on in this country, and describes the standards and special to 
machines, and processes used in many plants. The parts select 
for description are those which require unusual tools and proce- 
to obtain accurate work and large output. The authors beli 
the book will be of interest to those engaged in similar class 
work in other lines. 

AUTOMATIC SPRINKLER PRoTE« TION, 


Gorham Dana. 
in., 40 pp., illus., 


Supplement to second editio 
John Wiley & Sons, New York, 1923. Paper 
$0.50. 

A supplement to the 1919 edition of the author's book. Inclu 
descriptions of new devices that have been introduced since t! 
date, as well as several soon to be introduced. 

DicTIONARY OF APPLIED Puysics, vol. 4: 


Richard Glazebrook. 
9 in., 914 pp 


Light, Sound 
Macmillan & Co., 
, illus., diagrams, tables, 63s. 


tadiolog) 


London, 1923. Cloth 


Volume four of this dictionary follows the plan of its predeces 
that is, it defines briefly the minor terms in its field and refers | 
user for further information to the extended articles by expert 
general topics. These general articles are well-rounded s 
maries of present knowledge on the principal topics, provided 
adequate references to the literature. 

In this volume the subjects discussed are sound, light, and ra 
ogy. Special articles are included on crystallography, diffrac’ 
grating, the eye, glass, goniometry, graticules, infra-red trans! 
sion, interferometers, the kinematograph, lenses, light, luminous 
compounds, the microscope, navigational instruments, opthal! 
apparatus, optical calculations, optical glass, periscopes, p! 
graphic apparatus, photometry, the pianoforte, polarimetry, polar- 
ized light, projection apparatus, the quantum theory, radiation, 
radioactivity, radiology, radium, range finders, shutters, sound, 
sound ranging, spectrophotometry, spectroscopes, spherometry, 
surveying instruments, telescopes, and wave-length measurements. 


he | 
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DIESEL AND O1L ENGINE HANDBOOK. 
Publishing Co., Los Angeles, 1923. 
diagrams, tables, $3. 


By Julius Rosbloom. 
Boards, 5 


Technical 
x 7 in., 376 pp., illus., 


The first five chapters of this handbook explain the principles 
f the Diesel engine, describe the pumps, governors and other aux- 
iliary machinery, and give directions for testing. Chapter six 
ffers detailed descriptions of a number of commercial types, and 
The book 


hapter seven discusses Diesel-electrie ship propulsion. 
intended as a reference work for practical men 
Dynamo, Irs THEory 


(’. Hawkins 
London, 1025 


DESIGN AND MANUFACTURI Vol. 2. By ¢ 
Isanc Pitman & Sons, New York and 


,O X Yin 


Sixth edition 


Cloth illus., diagrams, 15s 


322 pp 





In the opening chapter of this volume, which completes the study 
ontinuous-current dynamos, a detailed analysis of the effeet of 
ature reaction on the flux curve under load is given both for non- 
Succeeding 


mutating-pole and commutating-pole machines 


pters discuss commutation and sparking at the brushes, the heat- 
of dynamos, dynamo design, working, and management. Two 
gns are worked out in full, to illustrate the application of the 


erous formulas which have been given in the text 
raic Motors; vol. 2, Pol 


Chird edition Isaac Pitman & Sons, 
} is4 pp 


By Henr M 
London and 


diagrams, $4.50 


Hobart 
New York, 1923 


phase Current 


The conelud- 
interruption, FiVIng 
The treatise 
tended for the designer rather than for the student 
led to show the state of the art at the present time. 


Volume one of this treatise was reviewed recently. 
the without 
ial consideration to poly phase-current questions. 


volume continues account 


and is in- 


sugene H 


Cloth, 6 


AND TECHNOLOGY sy (dd 
New York, 1923 


diagrams, tables, $7 


Fue.s, Tuetr PrRopuctrion 


Leslie Chemical Catalog ¢ 


| OS1 pp., illus 


encyclopedic book on motor fuels Dr 


9 in., 


Leslie has not con- 
| himself to the technology of the subject, but has included 
terial of an economic nature and has made the contents of his 
miscellaneous in some measure, so that it is of interest to the 
eral reader as well as the student and the refinery engineer. 
special effort is made to present accurately the fundamental 
iples of physics, thermodynamics, and chemistry underlying 
perations used in producing motor fuels, and also to review 


research work in several fields where present knowledge is still 


tistactor 


Numerous bibliographies and tables are given 


Material- Handling Problems in Pier 
Design 


rhe cost of getting things into and out of a car now was 
Oormous tax. 
(he author, in closing, said that as far as the stevedore question 
concerned, he thought it was generally conceded that Phila- 
had about the highest grade of stevedores on the Atlantic 
When it came to the question of installing machinery in 
heds, the harbor authorities in the United States would hesi- 
long while before doing so because usually such equipment 
1 the hands of the pier operators, who were generally careless 
eir use of publicly owned equipment. If some of the harbor 
rities In the states actually operated the piers, as did one or 
n the West Coast, he thought it would result in a 
the use of mechanical equipment. 
erican dock authorities had hesitated in putting in pier 
ery because of some doubt as to its efficiency and because 
lid not care to leave it in the hands of the operators. 
question of the two-decked pier had been raised by Mr. 
The cargo from the second deck was easily shifted to the 
leck through gravity steel tubes. There was one pier in 
idelphia, owned by the Philadelphia and Reading Railway, 
Which had seeond-deck tracks, and any two-deck pier which could 
be provided with tracks on the second deck would have a tremen- 
“ous advantage over one not so equipped. Car elevators and also 
traveling cranes inside the pier shed had been considered, but the 


greater 


ston in 


1 
) 


I ; 
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question of leaving that equipment in the hands of pier operators 
seemed to be a stumbling block, particularly with the harbor board 
that was not equipped properly with its own facilities, so to his 


mind the whole question simmered down to the desirability of a 
harbor board 


Determination of Chimney Sizes 


' aes a 
Smallwood had o 


said that he believed that Professor 
erlooked one or two points set forth in the paper 


it the 


author 


It was obvious tl laximum capacity being independent of the 
height d upon having the same conditions in all cases, in- 
mperature of the gases If « 


omMmparison Was 


being made of two actual or proposed chimneys of different heights, 
Lie ippropriate mean temperatures would be found as directed, 20) 
that this point was Tully taken care of in the papel 

Leakage u ! ngs did not impair the method presented 
in the paper because the designer must naturally base his calcula- 
ti ( gl gases going up the chimney 

No one deple 1 more than the author the lack of information 
on chimney perfe ince, or would more heartily weleome exhaus- 
tive research However Professor Smallwood would see on furthet 


on, that the method was not based on the slender support 
iformation now available but simply utilized what 
ullable. As shown in the paper, further 
more accurate results to be attained by the 
method But to impugn the method because of lack 
data was lik 


micrometer until we 


knowledge was so far 


S reh + uld nah 
research Would enanvik 


use of the 


of authoritative suggesting that we discontinue the 
decided whether the 


the meter is the better unit with which to graduate it 


use of the have inch or 

In preparing the curves for finding mean temperature, the curve 
of temperature drop No. 1 in the Appendix was given the greatest 
weight since it was the only one in which the weight of gases was 
As the weight of gases in the Johns 


Hopkins tests was not given, no considerable use could be made of 


even approximately known. 
them except in a very general way. 

Mr. Marsh had drawn attention to the variables to which con- 
sideration must be given, and these should always be borne in mind 


in determining chimney sizes. The various allowances which 


experience suggested were easily taken care of in using the proposed 
method 

Mi Hopping had well empbasized the chaotic state of the art. 
If reliable results were desired, it was imperative that gas weights 
be used ra 


ther ti 


in boiler horsepower. When this was done, no 


trouble was experienced such as that caused by the different pro- 
portions of excess air in hand firing and modern machine firing 

In reply to Mr. Funk, the lack of experimental data affected 
the accuracy obtained by the use of any method of chimney com- 
putation, but in no way detracted from the value of the method 
itself. 


sequently on 


So far, friction had been based on volume passing and con- 
average velocity, and that really seemed to be the 

most con , aS 10 ine luded both surface and fluid friction. 
Replying to Professor Christie, the author said that further chim- 
ney experiments should include gas analyses at different heights, so 
that the draft loss and temperature drop within the chimney could 
be more definitely related to gas weight than can be done at present. 
The author agreed with Mr. CO and 
excess air, and could confirm his experience as to serious air leakage 


very many plants The use of CO 


venient way 


Uehling as to readings 


recorders should by 
many cases, a CO 


losses Mh 


increasingly encouraged; and in recorder con- 
val table. 
Toltz had used the method in 


The advisability of 


nected to the chimnev would be very 
It was interesting that Mh 


comparison W it 


very 


1 others. 


having a simple 
method could not be gainsaid, and simplicity wag an outstanding 
feature of the system. 

teplying to Mr. Frost, the author said that ne had found many 
overloaded chimneys that were not overloaded with useful work 
but with unnecessary air. Unless flues were airtight, the chimney 
would be unnecessarily overloaded. 

Chimneys should in general be designed on a basis of gas weight. 


The curves based on boiler horsepower were only intended for 
approximate or preliminary work. 
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AERONAUTICS 


International Air Congress. The International Air 
Congress Engineering, vols. 115 and 116, no 
3000, 3001 and 3002, June 29, July 6 and 13, 1923 
pp. 795-798, 5-11 and 35-39 Abstracts of papers 
and discussions: June 29: standardization in _ reé 
search; extra-light alloys; airscrew research; slotted 
wing; aero-dynamic apparatus; unification of stand 
ards July 6: Lanchester-Prandtl theory of 
plane lift and drag; airplane engines; air mail 
commercial aviation; aircraft testing; airplane con 
trol, etc July 13: Model experiments in aeronau 
tics; lubrication; aerial surveying; aerial navigation 
and Japan; airships 


AUTOMOBILE ENGINES 


Air-Cooled. Air-Cooled Automotive Engines, C. P 
Grimes. Soc. Automotive Engrs Il., vol. 13, no 
2, Aug. 1923, pp. 125-133 and (discussion) 133-138 
13 figs. Author believes that universal power unit 
will be direct air-cooled engine; review of develop 
ment and description of engineering features of 
Franklin car 


AUTOMOBILE FUELS 


Detonation. Effect of Compression on Detonation 
and Detonation Control, H. I Horning Soc 
Automotive Engrs.—Jl., vol. 13, no. 2, Aug. 1923 
pp. 144-148 and (discussion) 148-150, 6 figs. Dis 
cusses causes of detonation and methods of control 
ling them; analysis of phenomenon of detonation 
statement of actual compression pressures attained 
without detonation in road tests, and charts showing 
horsepower developed, etc 

AUTOMOBILES 

Buick. New Buick Fours and Sixes Equipped with 
Front Wheel Band Brakes, J. Edward Schipper 
Automotive Industries, vol. 49, no. 5, Aug: 2, 1923 
pp. 211-217, 11 figs. Longer wheelbase and radical 
changes in lines of radiator, hood, fenders and 
bodies; six-cylinder has detachable head, '/«-in 
longer stroke, larger valves, high-pressure lubrica- 
tion and stiffer crankshaft 

Hubmobile. Mechanical Refinements and Improved 
Bodies Feature New Hubmobile. Automotive In- 
dustries, vol. 49, no. 5, Aug. 2, 1923, pp. 220-221 

5 figs. Higher power output obtained by use of 

forged duralumin connecting rods and aluminum- 

alloy pistons; clutch and gear-set assembly changed 
wheelsbase lengthened 3 in.; length of front and rear 
springs increased 


BOILER FURNACES 


Air Preheaters for. The Ljungstrom Air Preheater 
Blast Furnace & Steel Plant, vol. 11, no. 8, Aug 
1923, pp. 452-454, 4 figs. Summary of test figures 
obtained from cylindrical-type marine boiler, fitted 
with Howden-Ljungstrom air preheater, at works of 
James Howden & Co., Glasgow 

Oil-Burning. The Franklin-Stephenson Oil- Burning 
Furnace Engineering, vol. 115, no. 3000, June 29, 
1923, pp. 800-801, 9 figs 
results of tests 


BOILERS 

High-Pressure. German Steam Boiler Designed for 
850 Pounds Pressure, Bruno Schapira. Power, vol 
58, no. 5, July 31, 1923, pp. 164-166, 4 figs. Steam- 
power station constructed for its own use by firm of 
A. Borsig, in Berlin, is designed to carry gage pres- 
sure of about 850 Ib. per sq. in. at engine throttle; 
engine will operate with back pressure of 140 Ib. and 
drive air compressor; ‘boiler is designed to generate 
15,500 lb. of steam per hr. 


CARBURETORS 


German Designs. Recent German Carburetor De- 
signs Stress Use of Cheaper Fuels, Benno R. Dier- 
feld. Automotive Industries, vol. 49, no. 4, July 
26, 1923, pp. 177-180, 7 figs. Progress in engine 
development and demand for special equipment for 
motorcylees largely responsible for new products; 
heavy oils handled by double instrument with two 
float chambers; tests successful. 


CHAINS 


Weldless. The Manufacture and Properties of Weld- 
less Chains. Engineering, vol. 115, no. 3000, June 
29, 1923, pp. 802-803, 15 figs. partly on p. 806. 
Describes weldless process of chain making and de- 
sign of rolling mill used for production of chains. 


CONDENSERS, STEAM 


Air-Leakage Measurement. Condenser Air Leak- 
age Measured at Vacuum Pump ye ~ < 
Sprague. Power, vol. 58, no. 5, July 31, 1923, pp. 
166-167, 3 figs Practical and simple device which 
may be of great assistance in maintaining condenser 
efficiency when circulating water is at summer 
temperature. 

Tubes. The Rapid Corrosion of Condenser Tubes, 
Guy D. Bengough and R. May. Engineer, vol. 136, 


Details of furnace and 


no. 3523, July 6. 192 pp. 7-10, 15 fi \ccount 
of authors’ conclusions as to cause of rapid corrosion 
of condenser tubes which has sometimes occurred 
during last few years; deals only with corrosion 
caused by presence of entangled air in circulating 
water, in estaurine and marine condition 


COST ACCOUNTING 
~—— Shops. Cost Keeping for the Small Shop, E 
Pierce Am lach vol 9 no. 6 Aug +) 
1 23 pp. 199-201, 3 fis Overcoming problems of 
small jobbing shop by simple chart system; availabk 
uses of chart; rejection tags and special-order forn 


CRANES 


Wharf, Revolving. 20-Ton Revolving Wharf Crane 
at Vernon-on-Shor« Engineering, vol lit, no 
1003, July 20, 1923, pp. 79 SO, & figs. partly on p 
S4 Fixed wharf crane installed by British Ad 
miralty at their naval establishment is of the three 
motor type, and will lift 20 tons at 30-ft. radius and 
10 tons at 50 ft. radius 


CYLINDERS 


Airplane- Engine, Machining. Machining Steel 
Cylinder Sleeves of the Wright Aviation Engine 
Fred H. Colvin Am. Mach vol. 59, nos. 5 
and 6, Aug. 2 and 9, 1923, pp. 171-173 and 205 207 
22 figs. Aug. 2: Turning, boring, and threading 
long, thin sleeves with interlocking flanges; special 
tools, fixtures and gages for securing heat-radiating 
contacts Aug. 9%: Cutting flanges which make 
cylinders interlocking; fixtures and tools for boring 
valve openings and seats 


FORGING 


ty of Metal. The Flow of Metal During Forging 
L. A. Danse Forging & Heat Treating, vol. 9, no. 7 
July 1923, pp. 304-307, 5 figs. Discussion of 
Massey's investigation on action of metal under 
hammer and press; actual forgings deeply etched 
plainly reveal flow of metal 


FOUNDRIES 


Cost Accounting. Accounting for Foundry Over 
head Expense, F. C. Everitt and Johnson Heywood 
Iron Age, vol. 112, nos. 2, 3 and 6, July 12, 19 and 
Aug. 9, 1923, pp. 67-71, 147-150 and 340-342, 12 
figs. Attempt to give simplest possible method of 
distributing general expenses equitably; steam and 
power considered; allocation of general expenses 
How expenses of core making, molding, cleaning and 
annealing may be classified 

Foundry Costs Simplified, Alfred Baruch Foun 
dry, vol. 51, no. 15, Aug. 1, 1923, pp. 616-618, 3 
figs. Methods of establishing wages and their ad 
vantages and disadvantages; standard time and 
budget system form basis of accounting; time 
studies. 

Steel. Alabama Foundry Saves Labor, E. C. Kreutz 
berg. Iron Trade Rev., vol. 73, no. 3, July 19 
1923, pp. 171-175, 9 figs. New steel foundry of 
Tennessee Coal, Iron & Railroad Co. and its equip- 
ment; materials handled automatically as far as 
possible; monthly capacity, 1400 tons 


GEARS 


Measuring Machines. Gear-Measuring Machine 
Engineering, vol. 116, no. 3004, July 27, 1923, pp 
104-109, 28 figs. Gear-measuring machine designed 
and constructed at Nat. Physical Laboratory, for 
measuring individual specimens, such as spur and 
helical, plain and spiral bevel and worm wheels, and 
for recording errors in running of combined gears 


HYDRAULIC MACHINERY 


Pressure Intensifier. Hydraulic Pressure Intensi 
fier, John N. Sioussa. Machy. (N. Y.), vol. 29, no 
12, Aug. 1923, pp. 948-949, 4 figs Describes in 
tensifier designed for plant requiring equipment 
capable of producing pressure of 125,000 Ib. per sq 
in. 


INTERNAL-COMBUSTION ENGINES 


Spark Advance. Spark-Advance in Internal-Com- 
bustion Engines, G. B. Upton. Soc. Automotive 
Engrs.—Jl., vol. 13, no. 2, Aug. 1923, pp. 111-121 
and 172-174, 21 figs. Review of existing data, re- 
lating to explosion time as affected by mixture ratio, 
size of combustion chamber, turbulence, dilution 
with dead or exhaust gases and temperatures pre- 
ceding explosion; factors that affect explosion time 
of engine; mathematical expressions for thir laws 
of action, and numerical values of constants for 
turbulence and dilution. 


LOCOMOTIVES 


4-8-2. 4-8-2 Type Locomotive for the Denver and 
Rio Grande Western Railroad. Engineering, vol. 
116, no. 3001, July 6, 1923, pp. 26-27, 21 figs. partly 
on supp. plate. Locomotives of this type are be- 
lieved to be the heaviest passenger engines extant. 


Mountain Type. Canadian National Mountain 


Vor. 45, No. 9 


Type Locomotive, C. E. Brooks Ry. Age, vol. 75, 
no. 5, Aug. 4, 1923 pp. 203-205, 1 fig Knewn as 
U-l-a class; have total weight (without tender) of 
339,000 Ib.; tractive power is 49,600 Ib. See also 
Ry. Mech. Engr., vol. 97, no. 8, Aug. 1923, pp. 
554-557, 4 fies 

MILLING MACHINES 


High Speeds, Adjusting for. Adjusting Milling 
Machines for High Speeds, C. W. Metzger Machy 
(N. Y.), vol. 29, no. 12, Aug. 1923, pp. 972-973,§2 
figs Methods of overcoming difficulties sometimes 
met with when milling machines are speeded up for 
stellite cutters 


MOLDS 

Steel, Hobbing of. Making Steel Molds by Hobbing. 
Machy (N. Y.), vol. 29, no. 12, Aug. 1923, pp. 936 
938, 2 figs Process of sinking duplicate impres 
sions in mold dies by use of hobs in conjunction with 
enormous hydraulic pressure 


MONEL METAL 


Fatigue Limit. The Fatigue Limit and Proportior 
ality of Monel Metal Engineering, vol. 116, no 
3003, July 20, 1923, p. 88, 3 figs Account of ex 
periments made with Haigh alternating-stress ma 
chine to investigate endurance of monel-meta 
specimens prepared in different way 


MOTOR BUSES 


Fuel-Economy Tests One Hundred Ton-Miles Per 
Gallon, J. B. Fisher. Soc Automotive Engr 
Jl., vol. 13, no. 2, Aug. 1923, pp. 139-143, 4 fig 
Account of series of tests on motor buses carricc 
out in 1922 at Waukesha, Wis with purpose of 
acquiring data on requirements of buses from stand 
point of power requirements and fuel economy, and 
of analyzing discrepancy so often found betweer 
performance of engine on test block and fuel economy 
Sitalend from same engine under actual servi 
conditions 


PIPE, CAST-IRON 


De Lavaud Process. The Stanton Spun Iron Pipe 
Engineer, vol. 136, no. 3526, July 27, 1923, pp. 104 
106, 11° figs Describes centrifugal pipe-casting 
machine devised by De Lavaud, and plant in Stan 
ton, England, where De Lavaud'system is employed 

characteristics of pipe 


PISTON PINS 


Quantity Production. Produces Piston Pins ir 
Quantity Iron Trade Rev., vol. 73, no. 3, July 19 
1923, pp 182-183, 4 figs Piston pins are finished 
accurately and rapidly on centerless-type grinding 
machine; each finished pin is inspected closely for 
size and parallelism under dial gages 


PYROMETERS 

Ardometer. A New Form of Radiation Pyrometer 
Huber Hermanns Forging & Heat Treating, vo 
9, no. 7, July 1923, pp. 319-320, 4 figs. Ardometer 
manufactured by Siemens & Halske, is particular! 
suited for shop use and can be subjected to roug! 
handling; permanent installation and quick readir 
are important features 


RAILWAY SIGNALING 

Train-Order Signals. Use of Train-Order Signa 
at Interlockings Ry Age, vol. 75, no. 5, Aug. 4 
1923, pp. 193-195, 4 figs. Tendency is to use inter 
locking signal as train-order signal in order to elin 
nate confusion 


ROLLING MILLS 


Weldiless Rings, Rolling. Rolling Steel and No: 
ferrous Rings Iron Age, vol. 112, no. 4, July 2¢ 
1923, pp. 204-206, 7 figs How weldless produ 
such as ring-gear blanks, is made on commer 
scale at Cleveland, © 


SAND, MOLDING 

Testing. Test Sand with Doty Machine R. |} 
Harrington, M. L. MacComb and M. A. Hosmer 
Foundry, vol. 51, no. 15, Aug. 1, 1923, pp. 606-61' 
3 figs Determine effect of moisture on bond of new 
sand, results from hand milling and machine mt 
ing, and effect of grain size on bond of sand Pay 
presented before Am. Foundrymen's Assn 

SCREW THREADS 

Measurement. Modern Methods of Thread Mea 
urement, Charles L. Burns Am. Mach., vol 
no. 6, Aug. 9, 1923, pp. 217-219, 6 figs. Compari 
of ring gages; three-wire and projection metho 
defects of former and economy of latter 

STANDARDIZATION 

Preferred-Number Series. A New Tool For Sta: 
ardizers, F. J. Schlink. Am. Mach., vol. 59, no. ~ 
July 12, 1923, pp. 45-48, 3 figs. Preferred-number 
series and their place in standardization; systems 
adopted by German and French standards bod 
inception of idea in America and progress made 

STEAM-ELECTRIC PLANTS 

Chocolate Factory. Industrial Power Plant of H 
Wilbur & Sons, Inc., Philadelphia, Pa.. J. Hanicy 
Wilkers. Power, vol. 58, no. 6, Aug. 7, 1923, pp 
204-208, 6 figs. Modern plant replaces small « 
gine- driven plant; total generating capacity is “- 
kw.; process steam is extracted from main un 
atmospheric cooling tower is mounted on roof 


STEAM POWER PLANTS 

Present Tendencies. The Power Plant of Today, 
C. F. Hirshfeld. Power, vol. 58, no. 5, July 41, 
1923, pp. 168-170. Author reviews present ten- 
dencies in large-plant design, employing higher 
pressures together with regenerative and reheating 
cycles, and questions whether there is sound reaso® 
behind these innovations; discusses powdered coal 
versus stokers. 
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